%

Verilog-AMS

Language Reference Manual

Analog & Mixed-Signal Extensions
to
Verilog HDL

Version 2.0

February 18, 2000

Open Verilog International



Copyrighf@ 1996-2000 by Open Verilog International, Inc. All rights reserved.

No part of this work covered by the copyright hereon may be reproduced or used in any form or by any means
—qgraphic, electronic, or mechanical, including photocopying, recording, taping, or information storage and
retrieval systems— without the prior written approval of Open Verilog International.

Additional copies of this manual may be purchased by contacting Open Verilog International at the address
shown below.

Notices

The information contained in this draft manual represents the definition of the Verilog-AMS hardware descrip-
tion language as proposed by OVI (Analog and Mixed-Signal TSC) as of February, 2000. Open Verilog Interna-
tional makes no warranties whatsoever with respect to the completeness, accuracy, or applicability of the
information in this draft manual to a user’s requirements.

Open Verilog International reserves the right to make changes to the Verilog-AMS hardware description lan-
guage and this manual at any time without notice.

Open Verilog International does not endorse any particular simulator or other CAE tool that is based on the
Verilog-AMS hardware description language.

Suggestions for improvements to the Verilog hardware description language and/or to this manual are welcome.
They should be sent to the address below.

Information about Open Verilog International and membership enrollment can be obtained by inquiring at the
address below.

Published as: Verilog-AMS Language Reference Manual
Version 2.0, February, 2000.

Published by: Open Verilog International
15466 Los Gatos Blvd., #109071
Los Gatos, CA 95032
Phone: (408) 358-9510
Fax: (408) 358-3910

Printed in the United States of America.

Verilog® is a registered trademark of Cadence Design Systems, Inc.



The following people contributed to the creation, editing, and review of this document.

Ramana Aisola
Andre Baguenier
Graham Bell
William Bell
Kevin Cameron
Ed Chang

Joe Daniels
Raphael Dorado
John Downey
Dan FitzPatrick
Vassilios Gerousis
lan Getreu

Kim Hailey
Steve Hamm
Graham Helwig
William Hobson
Ken Kundert
Oskar Leuthold
S. Peter Liebmann
Steve Meyer
Ira Miller

Martin O’Leary
Don O’Riordan
Tom Reeder

Steffen Rochel
Jon Sanders
John Shields
James Spoto
Richard Trihy
Yatin Trivedi
Frank Weiler
lan Wilson

Alex Zamfirescu
Amir Zarkesh






Table of Contents

1 Verilog-AMS introduction . .......................
1.1  Overview
1.2  Mixed-signal language features
1.3 Systems
1.3.1 Conservative systems
1.3.2  Kirchhoff's Laws
1.3.3 Natures, disciplines, and nets
1.3.4  Signal-flow systems
1.3.5 Mixed conservative/signal flow systems
1.4  Conventions used in this document
1.5 Contents
2 Lexicalconventions . .............. ... ... . .......
2.1  Lexical tokens
2.2  White space
2.3 Comments
2.4  Operators
2.5 Numbers
2.5.1 Integer constants
2.5.2 Real constants
2.5.3 Scale factors for real constants
2.6 Strings
2.6.1 String variable declaration
2.6.2  String manipulation
2.6.3  Special characters in strings
2.7 Identifiers, keywords, and system names
2.7.1 Escaped identifiers
2.7.2 Keywords
2.7.3 System tasks and functions
2.7.4  Compiler directives
3 Data types
3.1 Integer and real data types
3.2 Parameters
3.2.1 Type specification
3.2.2 Value range specification
3.2.3 Parameter arrays
3.3 Genvars
Version 2.0 Verilog-AMS Language Reference Manual



Vi

3.4 Net_discipline
3.4.1 Natures
3.4.2 Disciplines
3.4.3  Multi-disciplinary example
3.4.4 Net discipline declaration
3.4.5 Ground declaration
3.4.6 Implicit nets
3.5 Real net declarations
3.6  Default discipline
3.7  Discipline precedence
3.8  Net compatibility
3.9 Branches
3.10 Namespace
3.10.1 Nature and discipline
3.10.2 Access functions
3.10.3 Net
3.10.4 Branch

EXPressions . . ...

4.1 Operators
4.1.1 Operators with real operands
4.1.2 Binary operator precedence
4.1.3 Expression evaluation order
4.1.4  Arithmetic operators
4.1.5 Relational operators
4.1.6 Case equality operators
4.1.7 Logical equality operators
4.1.8 Logical operators
4.1.9 Bit-wise operators
4.1.10 Shift operators
4.1.11 Conditional operator
4.1.12 Eventor
4.1.13 Concatenations

4.2  Built-in mathematical functions
4.2.1 Standard mathematical functions
4.2.2 Transcendental functions
4.2.3  Error handling

4.3  Signal access functions

4.4  Analog operators
4.4.1 Restrictions on analog operators
4.4.2 Vector or array arguments to analog operators
4.4.3 Analog operators and equations
4.4.4  Time derivative operator
4.45 Time integral operator

Verilog-AMS Language Reference Manual

3-6

3-10
3-12
3-15
3-16
3-17
3-17
3-18
3-19
3-20
3-22
3-23
3-23
3-23
3-24
3-24

Version 2.0



4.4.6 Circular integrator operator
4.4.7 Absolute delay operator
4.4.8 Transition filter
4.4.9 Slew filter
4.4.10 last_crossing function
4.4.11 Laplace transform filters
4.4.12 Z-transform filters
4.4.13 Limited exponential
4.4.14 Constant versus dynamic arguments
4.5  Analysis dependent functions
45.1 Analysis
45.2 AC stimulus
45.3 Noise
4.6 User-defined functions
4.6.1 Defining an analog function
4.6.2 Returning a value from an analog function
4.6.3 Calling an analog function
5 Signals
5.1  Analog signals
5.1.1  Access functions
5.1.2 Probes and sources
5.1.3 Examples
5.1.4 Port branches
5.1.5 Switch branches
5.1.6 Unassigned sources
5.2  Signal access for vector branches
5.2.1 Accessing net and branch signals
5.2.2  Accessing attributes
5.3  Contribution statements
5.3.1 Branch contribution statements
5.3.2 Indirect branch assignments
6 Analog behavior. . ...... ... ...
6.1  Analog procedural block
6.2 Block statements
6.2.1  Sequential blocks
6.2.2 Block names
6.3 Procedural assignments
6.4  Conditional statement
6.4.1 Examples
6.4.2  Analog conditional statements
Version 2.0 Verilog-AMS Language Reference Manual

4-15
4-16
4-17
4-21
4-22
4-23
4-25
4-28
4-29
4-29
4-30
4-31
4-31
4-33
4-33
4-35
4-35

Vil



6.5 Case statement 6-5

6.5.1 Analog case statements 6-6
6.5.2 Constant expression in case statement 6-7

6.6  Looping statements 6-7
6.6.1 Repeat and while statements 6-7
6.6.2 For statements 6-8

6.7 Events 6-9
6.7.1 Event detection 6-9
6.7.2 Event OR operator 6-10
6.7.3 Event triggered statements 6-11
6.7.4  Global events 6-11
6.7.5 Monitored events 6-13

7 Hierarchical structures. . . ......... .. . i e, 7-1

7.1 Modules 7-1
7.1.1  Top-level modules 7-3
7.1.2  Module instantiation 7-3

7.2  Overriding module parameter values 7-6
7.2.1  Defparam statement 7-6
7.2.2 Module instance parameter value assignment by order 7-8
7.2.3 Module instance parameter value assignment by name 7-8
7.2.4 Parameter dependence 7-9

7.3 Ports 7-9
7.3.1 Port association 7-9
7.3.2  Port declarations 7-10
7.3.3 Real valued ports 7-11
7.3.4  Connecting module ports by ordered list 7-12
7.3.5 Connecting module ports by name 7-13
7.3.6  Port connection rules 7-14
7.3.7 Inheriting port natures 7-14

7.4 Hierarchical names 7-14

7.5  Scope rules 7-16

8 Mixed-signal . . ... 8-1

8.1 Introduction 8-1

8.2 Fundamentals 8-2
8.2.1 Domains 8-2
8.2.2 Contexts 8-2
8.2.3 Nets, nodes, ports, and signals 8-2
8.2.4  Mixed-signal and net disciplines 8-3

8.3 Behavioral interaction 8-4
8.3.1  Accessing discrete nets and variables from a continuous context 8-4
8.3.2 Accessing X and Z bits of a discrete net in a continuous context 8-6
8.3.3  Accessing continuous nets and variables from a discrete context 8-6

viii Verilog-AMS Language Reference Manual Version 2.0



8.4

8.5
8.6
8.7

8.8

8.9
8.10

8.11

9
9.1
9.2
Version 2.0

Scheduling semantics

8.3.4 Detecting discrete events in a continuous context
8.3.5 Detecting continuous events in a discrete context
8.3.6  Concurrency

8.3.7  Function calls

Discipline resolution

8.4.1 Compatible discipline resolution

8.4.2 Connection of discrete-time disciplines

8.4.3 Connection of continuous-time disciplines

8.4.4  Resolution of mixed-signals

Connect modules

Connect module descriptions

Connect specification statements

8.7.1 Connect module auto-insertion statement

8.7.2  Discipline resolution connect statement

8.7.3 Parameter passing attribute

8.7.4  connect_mode

Automatic insertion of connect modules

8.8.1 Connect module selection

8.8.2  Signal segmentation

8.8.3 connect_mode parameter

8.8.4  Rules for driver-receiver segregation and connect module selection

and insertion
8.8.5 Instance names for auto-inserted instances
Driver-receiver segregation
Driver access and net resolution
8.10.1 $driver_count
8.10.2 S$driver_state
8.10.3 $driver_strength
8.10.4 driver_update
8.10.5 net_resolution
8.10.6 Connect module example using driver access functions
Supplementary driver access functions
8.11.1 $driver_delay
8.11.2 S$driver_next_state
8.11.3 $driver_next_strength

Analog simulation cycle

9.1.1 Nodal analysis

9.1.2 Transient analysis

9.1.3 Convergence

Mixed-signal simulation cycle

9.2.1  Circuit initialization

9.2.2 Transient analysis & A/D algorithm synchronization

Verilog-AMS Language Reference Manual

8-7
8-8
8-9
8-11
8-11
8-11
8-12
8-12
8-12
8-16
8-16
8-18
8-18
8-20
8-20
8-20
8-20
8-22
8-24
8-26

8-30
8-31
8-32
8-34
8-35
8-35
8-35
8-36
8-36
8-37
8-38
8-39
8-39
8-39

X



10

11

12

9.2.3 The synchronization loop

9.2.4 Assumptions about the analog and digital algorithms

System tasks and functions ........... ... .. ... .. ...

10.1 Environment parameter functions

10.2 $random function

10.3 $dist_ functions

10.4 Simulation control system tasks
10.4.1 $finish
10.4.2 $stop

10.5 File operation tasks
10.5.1 $fopen
10.5.2 $fclose

10.6 Display tasks
10.6.1 Escape sequences for special characters
10.6.2 Format specifications
10.6.3 Hierarchical name format
10.6.4 String format

10.7 Announcing discontinuity

10.8 Time related functions

Compilerdirectives. . . ... ..o

11.1 “default_discipline

11.2 “default_transition

11.3 “define and “undef
11.3.1 “define
11.3.2 “undef

11.4 Cifdef, “else, "endif

11.5 ‘include

11.6 ‘resetall

11.7 Predefined macros

Using VPIroutines . .......... ... ..

12.1 The VPI interface
12.1.1 VPI callbacks

12.1.2 VPl access to Verilog-AMS HDL objects and simulation objects

12.1.3 Error handling

12.2 VPI object classifications
12.2.1 Accessing object relationships and properties
12.2.2 Delays and values

12.3 List of VPI routines by functional category

Verilog-AMS Language Reference Manual

Version 2.0



12.4 Key to object model diagrams 12-7

12.4.1 Diagram key for objects and classes 12-8
12.4.2 Diagram key for accessing properties 12-9
12.4.3 Diagram key for traversing relationships 12-10
12.5 Object data model diagrams 12-11
12.5.1 Module 12-12
12.5.2 Nature, discipline 12-13
12.5.3 Scope, task, function, 10 declaration 12-14
12.5.4 Ports 12-15
12.5.5 Nodes 12-16
12.5.6 Branches 12-17
12.5.7 Quantities 12-18
12.5.8 Nets 12-19
12.5.9 Regs 12-20
12.5.10 Variables, named event 12-21
12.5.11 Memory 12-22
12.5.12 Parameter, specparam 12-23
12.5.13 Primitive, prim term 12-24
12.5.14 UDP 12-25
12.5.15 Module path, timing check, intermodule path 12-26
12.5.16 Task and function call 12-27
12.5.17 Continuous assignment 12-28
12.5.18 Simple expressions 12-29
12.5.19 Expressions 12-30
12.5.20 Contribs 12-31
12.5.21 Process, block, statement, event statement 12-32
12.5.22 Assignment, delay control, event control, repeat control 12-33
12.5.23 While, repeat, wait, for, forever 12-34
12.5.24 If, if-else, case 12-35
12.5.25 Assign statement, deassign, force, release, disable 12-36
12.5.26 Callback, time queue 12-37
13  VPlroutinedefinitions . . ....... ... . . e 13-1
13.1 vpi_chk_error() 13-3
13.2 vpi_compare_objects() 13-4
13.3 vpi_free_object() 13-5
13.4 vpi_get() 13-6
13.5 vpi_get_cb_info() 13-7
13.6 vpi_get _analog_delta() 13-8
13.7 vpi_get_analog_freq() 13-9
13.8 vpi_get_analog_time() 13-10
13.9 vpi_get_analog_value() 13-11
13.10 vpi_get_delays() 13-13
13.11 vpi_get_str() 13-16

Version 2.0

Verilog-AMS Language Reference Manual

Xi



13.12 vpi_get_analog_systf_info() 13-17

13.13 vpi_get systf_info() 13-18
13.14 vpi_get_time() 13-19
13.15 vpi_get_value() 13-20
13.16 vpi_get vlog_info() 13-26
13.17 vpi_get_real() 13-27
13.18 vpi_handle() 13-28
13.19 vpi_handle_by index() 13-29
13.20 vpi_handle_by name() 13-30
13.21 vpi_handle_muilti() 13-31
13.21.1 Derivatives for analog system task/functions 13-31
13.21.2 Examples 13-31
13.22 vpi_iterate() 13-35
13.23 vpi_mcd_close() 13-37
13.24 vpi_mcd_name() 13-38
13.25 vpi_mcd_open() 13-39
13.26 vpi_mcd_printf() 13-40
13.27 vpi_printf() 13-41
13.28 vpi_put_delays() 13-42
13.29 vpi_put_value() 13-45
13.30 vpi_register_ch() 13-47
13.30.1 Simulation-event-related callbacks 13-48
13.30.2 Simulation-time-related callbacks 13-50
13.30.3 Simulator analog and related callbacks 13-51
13.30.4 Simulator action and feature related callbacks 13-51
13.31 vpi_register_analog_systf() 13-53
13.31.1 System task and function callbacks 13-54
13.31.2 Declaring derivatives for analog system task/functions 13-54
13.31.3 Examples 13-55
13.32 vpi_register_systf() 13-59
13.32.1 System task and function callbacks 13-59
13.32.2 Initializing VPI system task/function callbacks 13-61
13.33 vpi_remove_cb() 13-62
13.34 vpi_scan() 13-63
13.35 vpi_sim_control() 13-64
A S YN X, . . o
A.1  Source text A-1
A.2  Natures A-2
A.3 Disciplines A-3
A.4  Declarations A-3
A.5 Module instantiation A-5
A.6  Mixed-signal A-6
A.7  Behavioral statements A-6

Xii Verilog-AMS Language Reference Manual Version 2.0



Version 2.0

A.8 Analog expressions
A.9  Expressions
A.10 General

Keywords . ......... ...

B.1  All keywords
B.2  Discipline/nature
B.3 Connect rules

Analog language subset. . ............ ... .. ...

C.1  Verilog-AMS introduction
C.1.1  Verilog-A overview
C.1.2 Verilog-A language features

C.2 Lexical conventions

C.3 Datatypes

C.4  Expressions

C.5 Signals

C.6  Analog behavior

C.7  Hierarchical structures

C.8 Mixed-signal

C.9 Scheduling semantics

C.10 System tasks and functions

C.11 Compiler directives

C.12 Using VPI routines

C.13 VPI routine definitions

C.14 Syntax

C.15 Keywords

C.16 Standard definitions

C.17 SPICE compatibility

C.18 Changes from Verilog-A LRM v1.0

C.19 Obsolete functionality
C.19.1 Forever
C.19.2 NULL
C.19.3 Generate

Standard definitions. . .. ... ... . ... .

D.1  The disciplines.vams file
D.2 The constants.vams file

SPICE compatibility . ........ ... .. ... ... ...

E.1  Introduction
E.1.1 Scope of compatibility
E.1.2 Degree of incompatibility

Verilog-AMS Language Reference Manual

Xifi



Xiv

E.2

E.3

E.4

Discipline resolution methods

F.1  Discipline resolution
F.2  Resolution of mixed signals

F.2.1  Default discipline resolution algorithm

F.2.2 Alternate expanded analog discipline resolution algorithm
GloSSary . . ..o

Accessing SPICE objects from Verilog-AMS HDL
E.2.1 Case sensitivity

E.2.2 Examples

Preferred primitive, parameter, and port names
E.3.1 Independent sources

E.3.2 Unsupported components

Other issues

E.4.1 Multiplicity factor on subcircuits

E.4.2 Binning and libraries

Verilog-AMS Language Reference Manual

Version 2.0



Overview

1.1

Version 2.0

Verilog-AMS introduction

Section 1
Verilog-AMS introduction

Overview

This Verilog-AMS Hardware Description Language (HDL) language reference manual
defines a behavioral language for analog and mixed-signal systems. Verilog-AMS HDL
is derived fromEEE 1364-1995 Verilog HDLThis document is intended to cover the
definition and semantics of Verilog-AMS HDL as proposed by Open Verilog
International (OVI).

Figure 1-1 shows the components and architecture of Verilog-AMS HDL, which
consists of the complet&EE 1364-1995 Verilog HDIspecification (noted as Verilog-

D in the figure), an analog equivalent for describing analog systems (noted as Verilog-
A), and extensions to both for specifying the full Verilog-AMS HDL (noted as MS
Extensions).

Verilog-AM

Verilog-D
1364-19955__:

Verilog-A
OVI-96

Figure 1-1 Verilog-AMS architecture

Verilog-AMS HDL lets designers of analog and mixed-signal systems and integrated

circuits create and use modules which encapsulate high-level behavioral descriptions as
well as structural descriptions of systems and components. The behavior of each module
can be described mathematically in terms of its ports and external parameters applied to
the module. The structure of each component can be described in terms of interconnected
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1-2

sub-components. These descriptions can be used in many disciplines such as electrical,
mechanical, fluid dynamics, and thermodynamics.

For continuous systems, Verilog-AMS HDL is defined to be applicable to both electrical
and non-electrical systems description. It suppmitservativeandsignal-flow

descriptions by using the conceptsets, nodedranchesandportsas terminology for

these descriptions. The solution of analog behaviors which obey the laws of conservation
fall within the generalized form of Kirchhoff's Potential and Flow Laws (KPL and KFL).
Both of these are defined in terms of the quantities (e.g., voltage and current) associated
with the analog behaviors.

Verilog-AMS HDL can also be used to describe discrete (digital) systemE=gper
1364-1995 Verilog HD)Land mixed-signal systems using both discrete and continuous
descriptions as defined in this LRM.

Mixed-signal language features

Verilog-AMS HDL extends the features of the digital modeling langukfeH 1364-
1995 Verilog HDI) to provide a single unified language with both analog and digital
semantics with backward compatibility. Below is a list of salient features of the resulting
language:

» signals of both analog and digital types can be declared in the same module
e initial  ,always , andanalog procedural blocks can appear in the same module

* both analog and digital signal values can be accessed (read operations) from any
context (analog or digital) in the same module

» digital signal values can be set (write operations) from any context outside of an
analog procedural block

* analog potentials and flows can only receive contributions (write operations)
from inside aranalog procedural block

» the semantics of theitial andalways blocks remain the same aditEE
1364-1995 Verilog HDLthe semantics for thenalog block  are described in
this manual

» thediscipline declaration is extended to digital signals

e anew constructonnect statement, is added to facilitate auto-insertion of user-
defined connection modules between the analog and digital domains

» when hierarchical connections are of mixed type (i.e., analog signal connected to
digital port or digital signal connected to analog port), user-defined connection
modules are automatically inserted to perform signal value conversion

Verilog-AMS Language Reference Manual Version 2.0
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Verilog-AMS introduction

Systems

A systems considered to be a collection of interconneatethponentsvhich are acted

upon by a stimulus and produce a response. The components themselves can also be
systems, in which casehéerarchical systens defined. If a component does not have
any subcomponents, it is considered to pemitive componentEach primitive

component connects to zero or more nets. Each net connects to a signal which can
traverse multiple levels of the hierarchy. The behavior of each component is defined in
terms of values at each net.

A signalis a hierarchical collection of nets which, because of port connections, are
contiguous. If all the nets which make up a signal are in the discrete domain, the signal
is adigital signal If, on the other hand, all the nets which make up a signal are in the
continuous domain, the signal is analog signal A signal which consists of nets from
both domains is calledraixed-signal

Similarly, a port whose connections are both analog anatog port a port whose
connections are both digital igd&ital port, and a port whose connections are both
analog and digital is mixed port The components connect to nodes through ports and
nets to build a hierarchy, as shown in Figure 1-2.

Module \T Module

Module

Figure 1-2 Components connect to nodes through ports

If a signal is analog or mixed, it is associated with a node (see 3.4), while a purely digital
signal is not associated with a node. Regardless of the number of analog nets in an analog
or mixed-signal or how the analog nets in a mixed-signal are interspersed with digital
nets, the analog portion of an analog or mixed-signal is represented by only a single
node. This guarantees a mixed or analog signal has only one value which represents its
potential with respect to the global reference voltageund.

In order to simulate systems, it is necessary to have a complete description of the system
and all of its components. Descriptions of systems are usually given structurally. That is,
the description of a system contains instances of components and how they are
interconnected. Descriptions of components are given using behavior and or structure. A
behavior is a mathematical description which relates the signals at the ports of the
components.

Verilog-AMS Language Reference Manual 1-3
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1.3.1 Conservative systems

An important characteristic of conservative systems is there are two values associated
with every node, thpotential(also known as thacross valuer voltagein electrical
systems) and thiéow (thethrough valueor currentin electrical systems). The potential

of the node is shared with all continuous ports and nets connected to the node so all
continuous ports and nets see the same potential. The flow is shared so flow from all
continuous ports and nets at a node shall sum to 2@rtn(this way, the node acts as an
infinitesimal point of interconnection in which the potential is the same everywhere on
the node and on which no flow can accumulate. Thus, the node embodies Kirchhoff's
Potential and Flow Laws (KPL and KFL). When a component connects to a node
through a conservative port or net, it can either affect, or be affected by, either the
potential at the node, and/or the flow onto the node through the port or net.

With conservative systems it is also useful to define the concept of a branch. A branch
is a path of flow between two nodes through a component. Every branch has an
associated potential (the potential difference between the two nodes) and flow.

A behavioral description of a conservative component is constructed as a collection of
interconnected branches. The constitutive equations of the component are formulated as
to relate the branch potentials and flows. In the probe/source approach (see 5.1.2), the
branch potential or flow is specified as a function of branch potentials and flows. If the
branch potential and flow are left unspecified, not on the left-hand side of a contribution
statement, then the branch acts as a probe. In this case, if the branch flow is used in an
expression, the branch potential is forced to zerodtherwise the branch flow is

assumed to be zero)(and the branch potential is available for use in an expression.
Using both the potential and flow of a 'probe’ branch in an expression is not allowed. Nor
is specifying both the branch potential and flow at the same time. (While these last two
conditions are not really necessary, they do eliminate conditions which are useless and
confusing.)

1.3.1.1 Reference nodes

The potential of a single node is given with respect to a reference node. The potential of
the reference node, which is callgdund in electrical systems, is always zeq).(Any

net of continuous discipline can be declared tgioend. In this case, the node associated
with the net shall be the global reference node in the circuit. This is compatible with all
analog disciplines and can be used to bind a port of an instantiated module to the
reference node.

1.31.2 Reference directions
The reference directions for a generic branch are shown in Figure 1-3.
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flow
+ potential

Figure 1-3 Reference directions

Thereference directiorior a potential is indicated by the plus and minus symbols near
each port. Given the chosen reference direction, the branch potential is positive
whenever the potential of the port marked with a plus signs(larger than the potential

of the port marked with a minus sigs).(Similarly, the flow is positive whenever it
moves in the direction of the arrow (in this case frota-).

Verilog-AMS HDL uses associated reference directions. A positive flow enters a branch
through the port marked with the plus sign and exits the branch through the port marked
with the minus sign.

1.3.2 Kirchhoff's Laws

In formulating continuous system equations, Verilog-AMS HDL uses two sets of
relationships. The first are the constitutive relationships which describe the behavior of
each component. Constitutive relationships can be kept inside the simulator as built-in
primitives or they can be provided by Verilog-AMS HDL module definitions.

The second set of relationships, interconnection relationships, describe the structure of
the network. Interconnection relationships, which contain information on how the
components are connected to each other, are only a function of the system topology.
They are independent of the nature of the components.

A Verilog-AMS HDL simulator uses Kirchhoff's Laws to define the relationships
between the nodes and the branches. Kirchhoff's Laws are typically associated with
electrical circuits that relate voltages and currents. However, by generalizing the
concepts of voltages and currents to potentials and flows, Kirchhoff's Laws can be used
to formulate interconnection relationships for any type of system.

Kirchhoff's Laws provide the following properties relating the quantities present on
nodes and branches, as shown in Figure 1-4.

* Kirchhoff's Flow Law (KFL)
The algebraic sum of all flows out of a node at any instant is @gro (

» Kirchhoff's Potential Law (KPL)
The algebraic sum of all the branch potentials around a loop at any instant is zero

(0).
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Systems

These laws imply a node is infinitely small; so there is negligible difference in potential
between any two points on the node and a negligible accumulation of flow.

flow,
— ] : [
- + N s * ial JprJotentia_b
potential 3 potentia = =
5 5
+ = S g
8 +< +2
g
(o]
' o
+ -
o potential,
KFL KPL
~ -potentia) -potential
flow; + flow; + flows = 0 +potentiak + potential, = 0

Figure 1-4 Kirchhoff’s Flow Law (KFL) and Potential Law (KPL)

1.3.3 Natures, disciplines, and nets

134

1-6

Verilog-AMS HDL allows definition of nets based on disciplines. The disciplines
associate potential and flow natures for conservative systems or only potential nature for
signal-flow systems. The natures are a collection of attributes, including user-defined
attributes, which describes the units (meter, gram, newton, etc.), absolute tolerance for
convergence, and the names of potential and flow access functions.

The disciplines and natures can be shared by many nets. The compatibility rules help
enforce the legal operations between nets of different disciplines.

Signal-flow systems

A discipline may specify two nature bindingstential  andflow , or it may specify

only a single bindingpotential . Disciplines with two natures are knowesnservative
disciplinesbecause nodes which are bound to them exhibit Kirchhoff's Flow Law, and
thus, conserve charge (in the electrical case). A discipline with only a potential nature is
known as aignal flow discipline

As a result of port connections of analog nets, a single node may be bound to a number
of nets of different disciplines. If a node is bound only to disciplines which have potential
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nature only, current contributions to that node are not legal. Flow for such a node is not
defined.

Signal flow models may be written so potentials of module outputs are purely functions
of potentials at the inputs without taking flow into account.

The following example is a level shifting voltage follower:

module shiftPlus5(in out);

input in;

output out;

voltage in out; /Ivoltage is a signal flow
/[discipline compatable with
/lelectrical, but having a
/Ipotential nature only

analog begin

V(out) <+5.0+ V(in);
end
endmodule

If a number of such modules were cascaded in series, it would not be necessary to
conserve charge (i.e., sum the flows) at any intervening node.

If, on the other hand, the output of this device were bound to a node of a conservative
discipline (e.g.glectrical ), then the output of the device would appear to be a
controlled voltage source to ground at that node. In that case, the flow (i.e., current)
through the source would contribute to charge conservation at the node. If the input of
this device were bound to a node of a conservative discipline then the input would act as
a voltage probe to ground. Thus, when a net of signal flow discipline with potential
nature only is bound to a conservative node, contributions made to that net behave as
voltage sources to ground.

Nets of signal flow disciplines in modules may only be boungot oroutput ports
of the module, not tmout ports. Potential contributions may not be madepas

Mixed conservative/signal flow systems

When practicing the top-down design style, it is extremely useful to mix conservative
and signal-flow components in the same system. Users typically use signal-flow models
early in the design cycle when the system is described in abstract terms, and gradually
convert component models to conservative form as the design progresses. Thus, it is
important to be able to initially describe a component using a signal-flow model, and
later convert it to a conservative model, with minimum changes. It is also important to
allow conservative and signal-flow components to be arbitrarily mixed in the same
system.

The approach taken is to write component descriptions using conservative semantics,
except port and net declarations only require types for those values which are actually
used in the description. Thus, signal-flow ports only require the type of potential to be
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specified, whereas conservative ports require types for both values (the potential and
flow).

Examples:

For example, consider a differential voltage amplifier, a differential current amplifier,
and a resistor. The amplifiers are written using signal-flow ports and the resistor uses
conservative ports.

module voltage_amplifier (out, in) ;

input in ;

output out ;

voltage out, /I Discipline voltage defined elsewhere
in; /I with access function V()

parameter real GAIN_V =10.0;

analog
V(out) <+ GAIN_V *V(in);

endmodule

In this case, only the voltage on the ports are declared because only voltage is used in the
body of the model.

module current_amplifier (out, in) ;

input in ;

output out ;

current out, /I Discipline current defined elsewhere
in; I/l with access function [()

parameter real GAIN _|1=10.0;

analog
I(out) <+ GAIN_I *I(in) ;

endmodule

Here, only current is used in the body of the model, so only current need be declared at
the ports.
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module resistor (a, b) ;

inout a, b ;

electrical a, b ; /I access functions are V() and 1()
parameter realR =1.0;

analog
V(a,b) <+R*I(ab);

endmodule

The description of the resistor relates both the voltage and current on the ports. Both are
defined in the conservative discipliaectrical

In summary, only those signals types declared on the ports are accessible in the body of
the model. Conversely, only those signals types used in the body need be declared.

This approach provides all of the power of the conservative formulation for both signal-
flow and conservative ports, without forcing types to be declared for unused signals on
signal-flow nets and ports. In this way, the first benefit of the traditional signal-flow
formulation is provided without the restrictions.

The second benefit, that of a smaller, more efficient set of equations to solve, is provided
in a manner which is hidden from the user. The simulator begins by treating all ports as
being conservative, which allows the connection of signal-flow and conservative ports.
This results in additional unnecessary equations for those nodes which only have signal-
flow ports. This situation can be recognized by the simulator and those equations
eliminated.

Thus, this approach to allowing mixed conservative/signal-flow descriptions provides
the following benefits:

» Conservative components and signal-flow components can be freely mixed. In
addition, signal-flow components can be converted to conservative components,
and vice versa, by modifying only the component behavioral description.

* Many of the capabilities of conservative ports, such as the ability to access flow
and the ability to access floating potentials, are available with signal-flow ports.

* Natures only have to be given for potentials and flows if they are accessed in a
behavioral description.

* If nets and ports are used only in a structural description (only in instance
statements), then no natures need be specified.
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Conventions used in this document

1.4 Conventions used in this document

This document is organized into sections, each of which focuses on some specific area
of the language. There are subsections within each section to discuss with individual
constructs and concepts. The discussion begins with an introduction and an optional
rationale for the construct or the concept, followed by syntax and semantic description,
followed by some examples and notes.

The formal syntax of Verilog-AMS HDL is described using Backus-Naur Form (BNF).
The following conventions are used:

1.

1-10

Lower case words, some containing embedded underscores, are used to denote
syntactic categories. For example:

module_declaration

Bold face words are used to denote reserved keywords, operators and
punctuation marks as required part of the syntax. For example:

module = ;

A vertical bar separates alternative items. For example:

attribute ::=
abstol | units | identifier

Square brackets enclose optional items. For example:

input_declaration ::=
input [range] list_of ports

Braces enclose a repeated item unless the braces appear in bold face, in which
case it stands for itself. The item can appear zero or more times; the repetitions
occur from left to right as with an equivalent left-recursive rule. Thus, the
following two rules are equivalent:

list_of port_def ::=
port_def {, port_def}
list_of port_def::=
port_def
| list_of port def port_def

If the name of any category starts withitaficized part, it is equivalent to the
category name without the italicized part. The italicized part is intended to
convey some semantic information. For examgigh constant_expression
andlsb_constant_expression are equivalent toonstant_expression , and
node identifier is anidentifier which is used to identify (declare or
reference) aode

Verilog-AMS Language Reference Manual Version 2.0



Contents

1.5

Version 2.0

Verilog-AMS introduction

The main text uses italicized font whemeamis being defined, and constant-width font
for examples , file names , and while referring toonstants

Contents

This document contains the following sections and annexes:

1.

Verilog-AMS introduction
This section gives the overview of analog modeling, defines basic concepts, and
describes Kirchhoff's Potential and Flow Laws.

Lexical conventions
This section defines the lexical tokens used in Verilog-AMS HDL.

Data types
This section describes the data types: integer, real, parameter, nature, discipline,
and net, used in Verilog-AMS HDL.

Expressions
This section describes expressions, mathematical functions, and time domain
functions used in Verilog-AMS HDL.

Signals
This section describes signals and branches, access to signals and branches, and
various transformation functions.

Analog behavior
This section describes the basic analog block and procedural language constructs
available in Verilog-AMS HDL for behavioral modeling.

Hierarchical structures
This section describes how to build hierarchical descriptions using Verilog-AMS
HDL.

Mixed-signal
This section describes the mixed-signal aspects of the Verilog-AMS HDL
language.

Scheduling semantics
This section describes the basic simulation cycle as applicable to Verilog-AMS
HDL.

10. System tasks and functions

This section describes the system tasks and functions in Verilog-AMS HDL.
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11. Compiler directives

This section describes the compiler directives in Verilog-AMS HDL.

12. Using VPI routines

This section describes how the VPI routines are used.

13. VPI routine definitions

A.

This section defines each of the VPI routines in alphabetical order.

Syntax
This annex describes formal syntax for all Verilog-AMS HDL constructs in
Backus-Naur Form (BNF).

. Keywords

This annex lists all the words which are recognized in Verilog-AMS HDL as
keywords.

Analog language subset
This annex describes the analog subset of Verilog-AMS HDL.

. Standard definitions

This annex provides the definitions of several natures, disciplines, and constants
which are useful for writing models in Verilog-AMS HDL.

SPICE compatibility
This annex describes the SPICE compatibility with Verilog-AMS HDL.

Discipline resolution methods
This annex provides the semantics for two methods of resolving the discipline of
undeclared interconnect.

Glossary
This annex describes various terms used in this document.
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Section 2

L exical conventions

This section describes the lexical tokens used in Verilog-AMS HDL source text and their
conventions. This section is based on Section 2, Lexical conventid&g ©f1364-

1995 Verilog HDL The changes specific to Verilog-AMS HDL can be found in 2.5.3
and 2.7.2.

2.1 Lexical tokens

A Verilog-AMS HDL source text file is a stream of lexical tokendeRical token

consists of one or more characters. The layout of tokens in a source file is free format—
spaces and newlines are not syntactically significant other than being token separators,
except escaped identifiers (see 2.7.1).

The types of lexical tokens in the language are as follows:

* white space

e comment
e operator
* number

» string

* identifier
* keyword

2.2  White space

White space token type contains the characters for spaces, tabs, newlines, and formfeeds.
These characters are ignored except when they serve to separate other lexical tokens.
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2.3 Comments

Verilog-AMS HDL has two forms to introduce comments, as shown in Syntax 2-1. A
one-line commersdtarts with the two characters and ends with a newlinBlock
commentstart with/* and ends with/ . Block comments can not be nested. The one-
line comment token does not have any special meaning in a block comment.

comment ::=
short_comment
| long_comment

short_comment ::=
/I { any_ASCII_characters_except_end_of line}

long_comment ::=
[* {any_ASCII_characters ¥/

comment_text ::=
{ Any_ASCII_character }

Syntax 2-1—Syntax for comments

2.4  Qperators

Operators are single, double, or triple character sequences and are used in expressions.
Section 4 discusses the use of operators in expressions.

Unary operatorsappear to the left of their operaminary operatorsappear between
their operands. Aonditional operatohas two operator characters which separate three
operands.

2.5 Numbers

Constant numbersan be specified as integer constants or real constants. The syntax for
constants is shown in Syntax 2-2.
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number ::=
decimal_number
| digital_octal_number
| digital_binary_number
| digital_hex_number
| real_number

decimal_number ::=

[ sign ] unsigned_num
sign ::=

+]-

unsigned_num ::=
decimal_digit {_ | decimal_digit }

decimal_digit ::=
0]1]2|3]415]6|7]8]9

digital_number ::=
number

real_number ::=
[ sign ] unsigned_numunsigned_num
| [ sign ] unsigned_num.[unsigned_num & [ sign ] unsigned_num
| [ sign ] unsigned_num.[unsigned_num E [ sign ] unsigned_num
| [ sign ] unsigned_num.[unsigned_num ] scale_factor

scale_factor ::=
TIGIM|K[k[m|uln|p]|f]|a

Syntax 2-2—Syntax for integer and real constants

Integer constants

Integer constantare specified in decimal format as a sequence of digitsougho,
optionally starting with a plus or minus unary operator. The underscore charadeer (
legal anywhere in a decimal number except as the first character. The underscore
character is ignored. This feature can be used to break up long numbers for readability
purposes.

Examples:

27_195 000 // same as 27195000
-659

Real constants

Thereal constant numberare represented as describedElyE STD-754-198%n
IEEE standard for double precision floating point numbers (64-bits).

Real numbers can be specified in either decimal notation {&.1p,) or in scientific
notation (e.g.39e8 , which indicates 39 multiplied by 10 to th&'®ower). Real numbers
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expressed with a decimal point shall have at least one digit on each side of the decimal
point. The underscore character is legal anywhere in a real constant except as the first
character of the constant or the first character after the decimal point. The underscore
character is ignored.

Examples:

1.2

0.1

2394.26331

1.2E12 /I the exponent symbol can be e or E
1.30e-2

0.1e-0

23E10

29E-2

236.123_763_e-12 // underscores are ignored

The following are invalid forms of real numbers because they do not have at least one
digit on each side of the decimal point:

A2
9.
4.E3
.2e-7

253 Scale factors for real constants

Floating-point numbers can be specified using the following letter symbols for the scale
factors indicated. Scale factors and scientific notation are not allowed to be used together
in describing a real number.

Largest — g Smallest

T =102 m =103
G =10 u=10°
M =10 n=10°
K=10% k=10 p=10%?
f=10%°
a=10"8

No space is permitted between the number and the symbol. Scale factors are not allowed
to be used in defining digital delays (e#%y).

This form of floating-point number specification is provided in Verilog-AMS HDL in
addition to the two methods for writing floating-point numbers described in 2.5.2.
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Example:
Short form Expanded form
1.3u 1.3e-6 or 0.0000013
5.46K 5460
2.6  Strings

A string is a sequence of characters enclosed by double guotesd contained on a

single line. Strings used as operands in expressions and assignments shall be treated a:
unsigned integer constants represented by a sequence of 8-bit ASCII values, with one 8-
bit ASCII value representing one character.

2.6.1 String variable declaration

String variables are variables of tyyeg (seelEEE 1364-1995 Verilog HDLwith the
width equal to the number of characters in the string multiplied by eght (

Example:

To store the twelve-character stritgllo world!” requires a reg 8 * 12 or 96 bits
wide

reg [8*12:1] stringvar;
initial begin

stringvar = "Hello world!";
end

2.6.2 String manipulation

Strings can be manipulated using the Verilog HDL operators. The value being
manipulated by the operator is the sequence of 8-bit ASCII values.

Example:

module string_test;
reg [8*14:1] stringvar;
i nitial begin
stringvar = "Hello world";
$display("%s is stored as %h", stringvar,stringvar);
stringvar = {stringvar,""!"};
$display("%os is stored as %h", stringvar,stringvar);
end
endmodule
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The output is:

Hello world is stored as 00000048656¢c6¢6f20776f726c64
Hello world!!! is stored as 48656¢c6¢c6f20776f726c64212121

Note: When a variable is larger than required to hold a value being assigned, the contents on the left are
padded with zero®J after the assignment. This is consistent with the padding which occurs during
assignment of nonstring values. If a string is larger than the destination string variable, the string is
truncated to the left and the leftmost characters are lost.

2.6.3 Special characters in strings

Certain characters can only be used in strings when preceded by an introductory
character called aescape characteable 2-1 lists these characters in the right-hand
column, with the escape sequence that represents the character in the left-hand column.

Table 2-1—Specifying special characters in string

Escape Character produced by
string escape string
\n New line character
\t Tab character
\\ \ character
\" " character
\ddd A character specified in 1-3 octal digits
(0=sd<7)

2.7 Identifiers, keywords, and system names

An identifieris used to give an object a unigue name so it can be referenced. An identifier
can be any sequence of letters, digits, dollar sighsad the underscore characterk (

The first character of an identifier can not be a dig#;ar can be a letter or an
underscore. Identifiers are case sensitive.

Examples:

shiftreg_a
busa_index
error_condition
merge_ab
_bus3

n$657
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2.7.1

2.7.2

2.7.3
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Escaped identifiers

Escaped identifierstart with the backslash charactey gnd end with white space
(space, tab, newline, or formfeed). They provide a means of including any of the
printable ASCII characters in an identifier (the decimal vad3ethrough126 or 21
through7e in hexadecimal).

Neither the leading back-slash character nor the terminating white space is considered to
be part of the identifier. Therefore, an escaped identifia@s is treated the same as a
non-escaped identifiepus .

Examples:

\busa+index

\-clock
\***error-condition***
\netlA\net2

\{a,b}

\a*(b+c)

Keywords

Keywordsare predefined non-escaped identifiers which are used to define the language
constructs. Preceding a keyword with an escape charagtea(ses it to be interpreted
as an escaped identifier.

All keywords are defined in lowercase only. Annex B lists all defined Verilog-AMS
HDL keywords (including those fromEEE 1364-1995 Verilog HDL

System tasks and functions

Thes character introduces a language construct which enables development of user-
defined tasks and functions. A name following $hie interpreted as system taskr a
system functiaon

The syntax for a system task or function is given in Syntax 2-3.

system_task_or_function ::=
$system_taskdentifier [ ( list_of _argument}] ;
| $system_functiondentifier [ ( list_of_argument}] ;

list_of arguments ::=
argument {, [ argument ] }

argument ::=
expression

Syntax 2-3—Syntax for system tasks and functions

Section 10 lists the standard system tasks and functions for Verilog-AMS HDL.
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Any valid identifier, including keywords already in use in contexts other than this
construct can be used as a system task or function name.

Examples:

$display ("display a message");
$finish;

Compiler directives

The" character (the ASCII value 60, called open quote or accent grave) introduces a
language construct used to implement compiler directives. The compiler behavior
dictated by a compiler directive takes effect as soon as the compiler reads the directive.
The directive remains in effect for the rest of the compilation unless a different compiler
directive specifies otherwise. A compiler directive in one description file can therefore
control compilation behavior in multiple description files.

Section 11 lists the Verilog-AMS HDL compiler directives and their syntax.

Any valid identifier, including keywords already in use in contexts other than this
construct can be used as a compiler directive name.

Example:

“define wordsize 8
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Section 3
Data types

Verilog-AMS HDL supportsnteger , real , andparameter data types as found in
IEEE 1364-1995 Verilog HDUt also modifies th@arameter data types and introduces
array of realas an extension of theal data type. Plus, it extends thet data types to
support a new type calledeal to model real value nets.

Verilog-AMS HDL introduces a new data type, calfext_discipline for representing
analog nets and declaridgsciplinesof all nets andregs . Thedisciplinesdefine the
domain and the natures pbtential  andflow and their associated attributes for
continuousdomains. A new data type callgdnvaris also introduced for use with
behavioral loops.

Integer and real data types

The syntax for declaringteger andreal is shown in Syntax 3-1.

integer_declaration ::=

integer list_of_identifiers;
real_declaration ::=

real list_of identifiers;
list_of identifiers ::=

var_name { var_name }
var_name ::=

variable_identifier

| array_identifier array_range
array_range ::=

[ upper_limit constant_expressiariower_limit_constant_expressidn

Syntax 3-1—Syntax for integer and real declarations

An integerdeclaration declares one or more variables of type integer. These variables
can hold values ranging from32to 221-1. Arrays of integers can be declared using a
range which defines the upper and lower indices of the array. Both indices shall be
constant expressions and shall evaluate to a positive integer, a negative integer, or zero

(0).

Arithmetic operations performed on integer variables produce 2’s complement results.
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A real declaration declares one or more variables of type real. The real variables are
stored as 64-bit quantities, as describetBisE STD-754-198%n IEEE standard for
double precision floating point numbers.

Arrays of real can be declared using a range which defines the upper and lower indices
of the array. Both indices shall be constant expressions and shall evaluate to a positive
integer, a negative integer, or zeod. (

Integers are initialized at the start of a simulation depending on how they are used.
Integer variables whose values are assigned in an analog context default to an initial
value of zero(@). Integer variables whose values are assigned in a digital context default
to an initial value ok. Real variables are initialized to zen) &t the start of a

simulation.

Examples:

integer a[1:64]; // an array of 64 integer values

real float ; // a variable to store real value

real gain_factor[1:30] ;// array of 30 gain multipliers
/I with floating point values

3.2 Parameters

The syntax for parameter declarations is shown in Syntax 3-2.

The list of parameter assignments shall be a comma-separated list of assignments, where
the right hand side of the assignment shall be a constant expression, thatis, an expression
containing only constant numbers and previously defined parameters.

For parameters defined as arrays, the initializer shallde@saant_param_arrayinit
expression which is a list of constant expressions containing only constant numbers and
previously defined parameters withjirand} delimiters.

Parameters represent constants, hence it is illegal to modify their value at runtime.
However, parameters can be modified at compilation time to have values which are
different from those specified in the declaration assignment. This allows customization
of module instances. A parameter can be modified withitiygaram statement or in the
module_instancstatement. It is not legal to use hierarchical name referencing (from
within the analog block ) to access external analog variables or parameters.
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parameter_declaration ::=
parameter [opt_type] list_of param_assignments

opt_type ::=
real
| integer

list_of param_assignments ::=
declarator_init { declarator_init}

declarator_init ::=
parameteridentifier = constant_expressidmopt_value_rangg
| parameter_arrayidentifier range= constant_param_arrayigdipbpt_value _rangg

opt_value_range ::=
from value_range_specifier
| excludevalue_range_specifier
| excludevalue _constant_expression

value_range_specifier ::=
start_paren expressionkxpression2 end_paren

start_paren ::=

[I(
end_paren ::=
1)
expressionl ::=
constant_expressionihf
expression2 ::=
constant_expressiotinif
constant_param_arrayinit ::=
{ param_arrayinit_element_list
param_arrayinit_element_list ::=
param_arrayinit_element param_arrayinit_element }

param_arrayinit_element ::=
constant_expression
| { replicator_constant_expressidionstant_expressiph

Syntax 3-2—Syntax for parameter declaration

By nature, analog behavioral specifications are characterized more extensively in terms
of parameters than their digital counterparts. There are three fundamental extensions to

the parameter declarations defined&i&E 1364-1995 Verilog HDL

* An optional type for the parameter can be specified in Verilog-AMS HDL. In

IEEE 1364-1995 Verilog HDLthe type of a parameter defaults to the type of the

default expression.
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3.2.1

3.2.2

3-4

Parameters

» Arange of permissible values can be defined for each paramet&EmR 1364-
1995 Verilog HDL. this check had to be done in user’s model or was left as an
implementation specific detail.

» Parameter arrays of basic integer and real data types can be specified.

Type specification

The parameter declaration can contain an optitypalspecification. In this sense, the
parameter keyword acts more as a type qualifier than a type specifier. A default value for
the parameter shall be specified.

Examples:
The following examples illustrate this concept:

parameter real slew_rate =1le-3;
parameter integersize =16;

If the typeof a parameter is not specified, it is derived from the type of the value of the
constant expression asIlBEE 1364-1995 Verilog HDL

If the type of the parameter is specified, and the value assigned to the parameter conflicts
with the type of the parameter, the value is coerced to the type of the parameter (see
4.1.1.1).

Example:

parameter realsize =10;
Here,size is coerced ta0.0 .

Value range specification

A parameter declaration can contain optional specifications of the permissible range of
the values of a parameter. More than one range can be specified for inclusion or
exclusion of values as legal values for the parameter.

The use of bracketgand], indicate inclusion of the end points in the valid range. The
use of parenthesisand), indicate exclusion of the end points from the valid range. It is
possible to include one end point and not the other gsiagd(]. The first expression

in the range shall be numerically smaller than the second expression in the range.

Examples:

parameter real neg_rail = -15 from [-50:0) ;

parameter integer pos_rail = 15 from (0:50) ;

parameter real gain = 1 from [1:1000] ;
Here, the default value foeg_rail  is-15 and it is only allowed to acquire values
within the range 0f50 <= neg_rail < 0 . Similarly, the default value for parameter
pos_rail iS15 and it is only allowed to acquire values within the range of
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0 < pos_rail <50 . And, the default value farain is1 and it is allowed to acquire
values within the range ak= gain <= 1000

The keywordnf can be used to indicate infinity. If preceded by a negative sign, it
indicates negative infinity.

Example:

parameter realval3=0  from [0:inf) exclude(10:20) exclude(30:40];
A single value can be excluded from the possible valid values for a parameter.
Example:

parameter realres = 1.0 excludeO ;

Here, the value of a parameter is checked against the specified range.

3.2.3 Parameter arrays

Verilog-AMS HDL includes behavioral extensions which utilize arrays. It requires these
arrays be initialized in their definitions and allow overriding their values as with other
parameter types. The declaration of arrays of parameters is in a similar manner to those
of parameters and register arrays of reals and integé€ig 1364-1995 Verilog HDL

Parameter arrays have the following restrictions. Failure to follow these restrictions shall
result in an error.

* Atype of a parameter array shall be given in the declaration.

* Anarray assigned to an instance of a module shall be of the exact size of the array
bounds of that instance.

» Ifthe array size is changed via a parameter assignment, the parameter array shall
be assigned an array of the new size from the same module as the parameter
assignment that changed the parameter array size.

Example:
parameter real poles[0:3] ={ 1.0, 3.198, 4.554, 2.00 };

3.3 Genvars
Genvarsare integer-valued variables which compose static expressions for instantiating

structure behaviorally such as accessing analog signals within behavioral looping
constructs. The syntax for declaring genvar variables is shown in Syntax 3-3.
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genvar_declaration ::=

list of genvar_identifiers :;=

genvar list_of _genvar_identifiers

genvar identifier { , genvar identifier }

Syntax 3-3—Syntax for genvar declaration

The static nature of genvar variables is derived from the limitations upon the contexts in
which their values can be assigned.

Examples:
genvari;
analog begin
for i=0;i<8;i=i+1) begin
V(out]i]) <+ transition(valueli], td, tr);
end
end

The genvar variable can only be assigned within the for-loop control. Assignments to
the genvar variablie can consist only of expressions of static values, e.g., parameters,
literals, and other genvar variables.

Net_discipline

In addition to the data types supportedIBfE 1364-1995 Verilog HDLan additional
data typenet_disciplingis introduced in Verilog-AMS HDL for continuous time and
mixed signal simulatiomet_disciplings used to declare analog nets ,as well as
declaring the domains of digital nets and regs.

A signal can be digital, analog, or mixed, and is a hierarchical collection of nets which
are contiguous (because of port connections). For analog and mixed-signals, a single
node is associated with all continuous nets segments of the signal. The fundamental
characteristic of analog and mixed signals is the values of the associated node are
determined by the simultaneous solution of equations defined by the instances connected
to the node using Kirchhoff's conservation laws. In general, a node represents a point of
physical connections between nets of continuous-time description and it obeys
conservation-law semantics.

A netis characterized by the discipline it follows. For example, all low-voltage nets have
certain common characteristics, all mechanical nets have certain common
characteristics, etc. Thereforenetis always declared as a type of discipline. In this
sense, a discipline is a user-defined type for declaring a net.
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A disciplineis characterized by the domain and the attributes defined inaheesfor
potential  andflow .

3.4.1 Natures

A natureis a collection of attributes. In Verilog-AMS HDL, there are several pre-defined
attributes. In addition, user-defined attributes can be declared and assigned constant
values in a nature.

The nature declarations are at the same level as discipline and module declarations in the
source text. That is, natures are declared at the top level and nature declarations do not
nest inside other nature declarations, discipline declarations, or module declarations.

The syntax for defining a nature is shown in Syntax 3-4.

nature_declaration ::=
nature nature_name
[ nature_descriptions ]
endnature

nature_name ::=
nature identifier
| nature_identifier: parentidentifier

parent_identifier ::=
nature identifier
| discipline identifier.flow
| discipline identifier.potential

nature_descriptions ::=
nature_description { nature_description }

nature_description ::=
attribute= constant_expressign

attribute ::=
abstol
| access
| ddt_nature
| idt_nature
| units
| attribute_identifier

Syntax 3-4—Syntax for nature declaration

A nature shall be defined between the keywordse andendnature. Each nature
definition shall have a unique identifier as the name of the nature and shall include all
the required attributes specified in 3.4.1.2.
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Examples:

nature current
units = "A" ;
access= | ;
idt_nature = charge ;
abstol=1u;
endnature

nature voltage
units = "V" ;
access= V;
abstol=1u;

endnature

34.11 Derived natures

A nature can be derived from an already declared nature. This allows the new nature to
have the same attributes as the attributes of the existing nature. The new nature is called
aderived natureand the existing nature is calleparent naturelf a nature is not

derived from any other nature, it is callebase nature

In order to derive a new nature from an existing nature, the new nature name shall be
followed by a colon:() and the name of the parent nature in the nature definition.

A derived nature can declare additional attributes or override attribute values of the
parent nature, with certain restrictions (as outlined in 3.4.1.2) for the predefined
attributes.

The attributes of the derived nature are accessed in the same manner as accessing
attributes of any other nature.

Examples:

nature Ttl_curr
units = "A" ;
access= | ;
abstol=1u;

endnature

/I An alias

nature Ttl_net_curr : Ttl_curr
endnature

nature New_curr : Ttl_curr// derived, but different
abstol= 1m ;// modified for this nature
max = 12.3 ;// new attribute for this nature
endnature

34.1.2 Attributes

Attributes define the value of certain quantities which characterize the nature. There are
five predefined attributes -abstol, accessidt_nature, ddt_nature, andunits. In addition,
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user-defined attributes can be defined in a nature (see 3.4.1.3). Attribute declaration
assigns a constant expression to the attribute name, as shown in the example in 3.4.1.1.

Theabstolattribute provides a tolerance measure (metric) for convergence of potential or
flow calculations. It specifies the maximum negligible for signals associated with the
nature.

This attribute is required for all base natures. It is legal for a derived nature to change
abstol, but if left unspecified it shall inherit thdstol  from its parent nature. The
constant expression assigned to it shall evaluate to a real value.

Theaccessattribute identifies the name for the access function. When the nature is used
to bind a potential, the name is used as an access function for the potential; when the
nature is used to bind a flow, the name is used as an access function for the flow. The
usage of access functions is described further in 4.3.

This attribute is required for all base natures. It is illegal for a derived nature to change
the access attribute; the derived nature always inherits the access attribute of its parent
nature. If specified, the constant expression assigned to it shall be an identifier (by name,
not as a string).

Theidt_nature attribute provides a relationship between a nature and the nature
representing its time integral.

idt_nature can be used to reduce the need to specified tolerancesiou) thperator. If
this operator is applied directly on nets, the tolerance can be taken from the node, which
eliminates the need to give a tolerance with the operator.

If specified, the constant expression assignedt teature  shall be the name (not a
string) of a nature which is defined elsewhere. It is possiblefau@ to be self-
referencing with respect to itg_nature  attribute. In other words, the value of
idt_nature  can be theature that the attribute itself is associated with.

Theidt_nature attribute is optional; the default value is tlaaure itself. While it is

possible to override the parent’s valuadfnature  using a derived nature, the nature

thus specified shall be related (share the same base nature) to the nature the parent uses
for itsidt_nature

Theddt_nature attribute provides a relationship between a nature and the nature
representing its time derivative.
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ddt_nature can be used to reduce the need to specified tolerances adtgheperator. If
this operator is applied directly on nets, the tolerance can be taken from the node,
eliminating the need to give a tolerance with the operator.

If specified, the constant expression assignedtt@mature  shall be the name (not a
string) of a nature which is defined elsewhere. It is possiblefau@ to be self-
referencing with respect to i#git_nature  attribute. In other words, the value of
ddt_nature  can be theature that the attribute itself is associated with.

Theddt_nature attribute is optional; the default value is tlaeure itself. While it is

possible to override the parent’s valuedaf _nature  using a derived nature, the nature

thus specified shall be related (share the same base nature) to the nature the parent uses
for its ddt_nature

units

Theunits attribute provides a binding between the value of the access function and the
units for that value. Thenits field is provided so simulators can annotate the continuous
signals with their units and is also used inrieecompatibility rule check

This attribute is required for all base natures. Itis illegal for a derived nature to define or
change thenits ;the derived nature always inherits its parent natiuite . If specified,
the constant expression assigned to it shall be a string.

3.4.1.3 User-defined attributes

In addition to the predefined attributes listed abovwetare can specify other attributes
which can be useful for analog modeling. Typical examples include certain maximum
and minimum values to define a valid range.

A user-defined attribute can be declared in the same manner as any predefined attribute.
The name of the attribute shall be unique in the nature being defined and the value being
assigned to the attribute shall be constant.

3.4.2 Disciplines

A disciplinedescription consists of specifyinglamain type and binding angiaturesto
potential orflow .

The syntax for declaring a discipline is shown in Syntax 3-5.
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discipline_declaration ::=
discipline discipline_identifier
[ discipline_descriptions ]
enddiscipline

discipline_descriptions ::=
discipline_description { discipline_description }

discipline_description ::=
nature_binding
| domain_binding
| attr_override

nature_binding ::=
pot_or_flownature identifier;

pot_or_flow ::=
potential
| flow

domain_binding ::=
domain continuous ;
| domain discrete ;

attr_override ::=
pot_or_flow. attribute_identifier= constant_expressign

Syntax 3-5—Syntax for discipline declaration

A disciplineshall be defined between the keywoddsipline andenddiscipline. Each
discipline shall have a unique identifier as the name of the discipline.

The discipline declarations are at the same levakedisreandmoduledeclarations in the
source text. That is, disciplines are declared at the top level and discipline declarations
do not nest inside other discipline declarations, nature declarations, or module
declarations.

34.2.1 Nature binding

Version 2.0

Each discipline can bindraatureto itspotential ~ andflow .

Only the name of the nature is specified in the discipline. The nature binding for potential
is specified using the keywopdtential. The nature binding for flow is specified using
the keywordiow.

The access function defined in the nature bound to potential is used in the model to
describe the signal-flow which obeys Kirchhoff’'s Potential Law (KPL). This access
function is called th@otential access function

The access function defined in the nature bound to flow is used in the model to describe
a quantity which obeys Kirchhoff's Flow Law (KFL). This access function is called the
flow access function
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Disciplines with two natures are callednservative disciplinesnd the nets associated
with conservative disciplines are callednservative net€onservative disciplines shall
not have the sammaturespecified for both thgotential  and theflow . Disciplines
with a single potential nature are callsignal-flow disciplinesnd the nets with signal-
flow disciplines are calledignal-flow netsOnly apotential ~ nature is allowed to be
specified for a signal-flow discipline, as shown in the following examples.

Examples:
Conservative discipline

discipline electrical
potential Voltage ;
flow Current ;

enddiscipline

Signal-flow disciplines

discipline voltage
potential Voltage ;
enddiscipline

discipline current
potential Current;
enddiscipline

Multi-disciplinary example

Disciplines in Verilog-AMS HDL allow designs of multi-disciplinaries to be easily
defined and simulated. Disciplines can be used to allow unique tolerances based on the
size of the signals and outputs displayed in the actual units of the discipline. This
example shows how an application spanning multiple disciplines can be modeled in
Verilog-AMS HDL. It models a DC-motor driven by a voltage source.

module motorckt;
parameter real freq=100;
ground gnd;

electrical drive;
rotational shatft;

motor m1 (drive, gnd, shaft);
vsource #(.freq(freq), .ampl(1.0)) v1 (drive, gnd);

endmodule

Il vp: positive terminal [V,A] vn:negative terminal [V,A]

/I shaft:motor shaft [rad,Nm]

/I INSTANCE parameters

/I Km = motor constant [Vs/rad]Kf = flux constant [Nm/A]

/l'] =inertia factor [Nms”2/rad] D= drag (friction) [Nms/rad]
/I Rm = motor resistance [Ohms] Lm = motor inductance [H]
/I A model of a DC motor driving a shaft
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module motor(vp, vn, shaft);
inout vp, vn, shaft;
electrical vp, vn ;
rotational shaft ;

parameter real Km = 4.5, Kf = 6.2;
parameter real j = .004, D = 0.1;
parameter real Rm = 5.0, Lm = .02;
analog begin
V(vp, vn) <+ Km*Theta(shaft) + Rm*I(vp, vn) +
ddt(Lm*I(vp, vn));
Tau(shaft) <+ Kf*I(vp, vn) - D*Theta(shaft) -
ddt(j*Theta(shaft));
end
endmodule

3.43.1 Domain binding

Analog signal values are represented in continuous time, whereas digital signal values
are represented in discrete time. Homain attribute of the discipline stores this property

of the signal. It takes two possible valueaisgrete or continuous. Signals with continuous-

time domains are real valued. Signals with discrete-time domains can either be bjnary (
1, X, orz), integer or real values.

Examples:

discipline electrical
domain continuous
potential Voltage;
flow Current;
enddiscipline
discipline logic
domain discrete;
enddiscipline
Thedomain attribute is optional. The default value for domaindstinuousfor non-empty
disciplines, e.g., those which specify nature bindings.

3.4.3.2 Empty disciplines

It is possible to define a discipline with no nature bindings. These are knowpgs e
disciplinesand they can be used in structural descriptions to let the components
connected to a net determine which natures are to be used for the net.

Such disciplines may have a domain binding or they may be domain-less, thus allowing
the domain to be determined by the connectivity of the net (see 8.4).

Examples:

discipline neutral
enddiscipline
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discipline interconnect
domain continuous
enddiscipline

3.4.33 Discipline of wires and undeclared nets

Itis possible for a module to have nets where there are no discipline declarations. If such
a net appears bound only to ports in module instantiations, it may have no declaration at
all or may be declared to have a wire type suchiras, tri , wand, wor, etc. If it is
referenced in behavioral code, then it must have a wire type.

In these cases, the net shall be treated as having an empty discipline. If the net is
referenced in behavioral code or if its net type is other thian , then it shall be treated
as having empty discipline with a domain bindinglieérete , otherwise it shall be
treated as having empty discipline with no domain binding.

This allowsnetlists(modules which describe connectivity only, with no behavior) which
use wire as an interconnect to be valid in BBIBE 1364-1995 Verilog HDand
Verilog-AMS HDL. The domain shall be determined by the connectivity of the net (see
8.4).

3.43.4 Overriding nature attributes from discipline

A discipline can override the value of the bound nature for the pre-defined attributes
(except as restricted by 3.4.1.2), as shown for the fltowurr  in the example below.

To do so from a discipline declaration, the bound nature and attribute needs to be
defined, as shown for thebstol  value within the disciplinel in the example below.
The general form is shown as thttr_overrideterminal in Syntax 3-5: the keywortdw

or potential, then the hierarchical separatand the attribute name, and, finally, set all of
this equal to<) the new value (e.gflpw.abstol = 10u ).

Examples:
nature ttl_curr
units = "A" ;
access= | ;
abstol=1u ;
endnature

nature ttl_volt
units = "V" ;
access= V;
abstol=100u ;

endnature

discipline ttl
potential ttl_volt ;
flow ttl_curr ;
flow.abstol = 10u ;
enddiscipline
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3.4.35 Deriving natures from disciplines

A nature can be derived from timaturebound to theotential ~ orflow in a discipline.
This allows the new nature to have the same attributes as the attributes for the nature
bound to thewotential  or theflow of the discipline.

If the nature binding to theotential  or theflow of a discipline changes, the new
nature shall automatically inherit the attributes for the changed nature.

In order to derive a new nature from flow or potential of a discipline, the nature
declaration shall also include the discipline name followed by the hierarchical separator
() and the keyworédow or potential, as shown fortl_net_curr in the example below.

A nature derived from thiw orpotential  of a discipline can declare additional
attributes or override values of the attributes already declared.

Examples:

nature Ttl_net_curr : Ttl.flow // from the example in 3.4.3.4
endnature /[ abstol = 10u as modified in ttl

nature Ttl_net_volt : Ttl.potential // from the example in 3.4.3.4
abstol= 1m ;// modified for this nature
max = 12.3 ;// new attribute for this nature

endnature

3.4.4 Net discipline declaration

Eachnet_disciplinedeclaration associates nets and regs with an already declared
discipline. Syntax 3-6 shows how to declare disciplines of nets and regs.

net_discipline_declaration ::=
discipline identifier [ range ] list_of nets
range ::=
[ constant_expressiarconstant_expressign
list of nets ::=
net identifier [ range ]
| net_identifier [ range ] list_of_nets

Syntax 3-6—Syntax for net discipline declaration

If arange is specified for a net, the net is calleckator netotherwise it is called acalar
net A vector net is also called &us

Examples:

electrical [MSB:LSB] n1 ; // MSB and LSB are parameters
voltage [5:0] n2, n3;

magnetic inductor ;

logic [10:1] connectorl ;
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Nets represent the abstraction of information about signals. As with ports, nets represent
component interconnections. Nets declared in the module interface define the ports to the
module (see 7.3.4).

A net used for modeling a conservative system shall have a discipline with both access
functions potential  andflow ) defined. When modeling a signal-flow system, the
discipline of a net can have onpgtential  access functions. When modeling a discrete
system, the discipline of a net can only haveraain of discrete  defined.

Nets declared with an empty discipline do not have declared natures, so such nets can
not be used in analog behavioral descriptions (because the access functions are not
known). However, such nets can be used in structural descriptions, where they inherit the
natures from the ports of the instances of modules that connect to them.

Ground declaration

Each ground declaration is associated with an already declared net of continuous
discipline. The node associated with the net will be the global reference node in the
circuit. If used in behavioral code, the net shall be used in only the differential source
and probe forms, e.gv(gnd) is not allowed. The net must be assigned a continuous
discipline to be declared ground.

Syntax 3-7 shows the syntax used for declaring the global referencegnodaed.

ground_declaration ::=
ground [range] list_of nets

Syntax 3-7—Syntax for declaring ground

Examples:

module loadedsrc(in, out);
input in;
output out;
electrical in, out;
electrical gnd;
ground gnd;
parameter real srcval = 5.0;

resistor #(.r(10K)) rl(out,gnd);
analog begin
V(out) <+ V(in,gnd)*2;
end
endmodule
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3.4.6 Implicit nets

Nets can be used in a structural descriptions without being declared. In this case, the net
is implicitly declared to be a scalar net with the empty discipline and undefined domain.

Examples:

module top(il, i2, 01, 02, 03);

input i1, i2;

output 01, 02, 03;

electrical i1, i2, 01, 02, 03;

/[ abl, ab2, cbl, cb2 are implicit nets, not declared

blk_aal(il, abl);

blk_a a2(i2, ab2);

blk b bl(abl, cbl);

blk_b b2(ab2, cb2);

blk_c cl( 01, 02, 03, cbl, cb2);
endmodule

3.5 Real net declarations

Thewreal, or real net data type, represents a real-valued physical connection between
structural entities. A wreal net shall not store its value. A wreal net can be used for real-
valued nets which are driven by a single driver, such as a continuous assignment. If no
driver is connected to a wreal net, its value shall be perq.(

wreal nets can only be connected to other wreals or real expressions. They cannot be
connected to any other wires, even explicitly declared 64-bit wires.

Syntax 3-8 shows the syntax for declaring digital nets.

digital_net_declaration ::=
digital_net_declaration
| wreal [ list_of_identifiers ];

Syntax 3-8—Syntax for declaring digital nets

Examples:

module foo(in, out);
input in;
output out;
wreal in;

electrical out;

analog begin
V(out) <+in;
end

endmodule

Version 2.0 Verilog-AMS Language Reference Manual 3-17



Data types Default discipline

module top();
real stim;
electrical load;
foo f1(stim, load);
dut d1(load, out);
always begin
#1 stim = stim + 0.1;
end
endmodule

3.6  Default discipline

Verilog-AMS HDL supports thé&default_discipline compiler directive. This directive
specifies a default discipline to be applied to any net which does not have an explicit
discipline declaration. Its syntax is shown in Syntax 3-9.

default_discipline_directive ::=
“default_discipline [discipline_identifier [qualifier] [scope] ]

qualifier ::=
integer |real | reg |wire |tri |wand |triand |wor |trior
| trireg |tri0 |tril | supplyO|supplyl
scope ::=
instanceidentifier

Syntax 3-9—Syntax for setting default discipline compiler directive

The scope of this directive is similar to the scope ofdéfme compiler directive. The
default discipline is applied to all signals without a discipline declaration which appear
in the text stream following the use of thiefault_discipline directive until either

the end of the text stream or anothiefault_discipline directive with the same
combination of qualifier and scope (if applicable) is found in the subsequent text.
Therefore, more than ordefault_discipline directive can be in force
simultaneously, provided each differs in scope, qualifier, or both.

If this directive is used without a discipline name, it turns off all currently active default
disciplines without setting a new default discipline. Subsequent signals without a
discipline shall be associated with the empty discipline.

Examples:
“default_discipline logic

module behavnand(inl, in2, out);
input inl, in2;
output out;
reg out;
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always begin
out = ~(inl && in2);
end
endmodule
This example illustrates the usage of tgault_discipline directive. The neta1 ,

in2 , andout all have disciplingogic by default.

There is a precedence of compiler directives; the more specific directives have higher
precedence over general directives.

Discipline precedence

While a net itself can be declared only in the module to which it belongs, the discipline
of the net can be specified in a number of ways.

* The discipline name can appear in the declaration of the net.

* The discipline name can be used in a declaration which makes an out of context
reference to the net from another module.

» Thediscipline name can be used idetault_discipline compiler directive.

Discipline conflicts can arise if more than one of these methods is applied to the same
net. Discipline conflicts shall be resolved using the following order of precedence:

1. A declaration from a module other than the module to which the net belongs
using an out of module reference, e.g.,

module examplel;
electrical example2.net;
endmodule

2. The local declaration of the net in the module to which it belongs, e.g.,

module example2;
electrical net;

endmodule
3. ‘default_discipline with qualifier and scope, e.g.,
“default_discipline electrical trireg examplel.instance5;
4. ‘default_discipline with scope only, e.g.,

“default_discipline electrical examplel.instance5;
5. ‘default_discipline with qualifier only, e.g.,

“default_discipline electrical trireg ;
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6. ‘default_discipline without qualifier or scope, e.g.,

“default_discipline electrical;

It is not legal to have two different disciplines at the same level of precedence for the
same net.

3.8 Net compatibility

Certain operations can be done on nets only if the two (or more) nets are compatible. For
example, if an access function has two nets as arguments, they shall be compatible. The
nets are considered compatible if their respective disciplines are compatible. The
following rules apply in deciding whether two disciplines are compatible:

Self Rule A discipline is compatible with itself.

Nature Compatibility RulelTwo natures are compatible if they both exist and are derived
from the same base nature.

Nature Incompatibility RuleTwo natures are not incompatible if they are compatible or
if one or both do not exist.

Units Value RuleAll compatible natures shall have the same value for the attribute
units . Since a child nature cannot override a base nature’s unit, this rule is always
maintained.

Potential Compatibility Rulef the natures of the two potentials are compatible and the
natures of the two flows are not incompatible, then the two disciplines are considered
compatible.

Flow Compatibility Rulelf the natures of the two flows are compatible and the natures
of the two potential are not incompatible, then the two disciplines are considered
compatible.

Empty Discipline RuteAn empty discipline is compatible with all disciplines of the
same domain.

Discrete Domain RuleDisciplines with theliscrete  domain attribute with the same
signal value type (i.ebjt , real , andinteger ) are compatible with each other.

Domain Incompatibility R@: Disciplines with different domain attributes are
incompatible with each other.

Signal Connection Rel It shall be an error to connect two ports or nets of different
domains unless there izennect statement (see 8.4) defined between these disciplines.
It shall be an error to connect two ports or nets of the same domain with incompatible
disciplines.

The following examples illustrates these rules.
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Examples:

nature Voltage
access= V;
units = "V";
abstol= 1u;

endnature

nature Current
access |;
units = "A";
abstol = 1p;

endnature

nature Lowvoltage : Voltage
abstol = 1n;
endnature

discipline electrical
potential Voltage;
flow Current;

enddiscipline

discipline highvolt : electrical
potential.abstok1;
enddiscipline

discipline sig_flow_v
potential Voltage;
enddiscipline

discipline sig_flow_i
potential Current;
enddiscipline

Data types

nature Position
accesss X;
units = "m";
abstol= 1u;

endnature

nature Force
accesss F;
units = "N";
abstol= 1n;

endnature

discipline rotational
potential Position;
flow Force;

enddiscipline

discipline sig_flow_x
potential Position;
enddiscipline

discipline sig_flow_f
potential Force;
enddiscipline

discipline empty
enddiscipline
discipline logic
domain discrete;
enddiscipline

The following compatibility observations can be made from the above example:

+ Voltage andLowvoltage

are compatible natures because they both exists and

are derived from the same base natures.

e electrical

andhighv are compatible disciplines because the natures for both

potential and flow exist and are derived from the same base natures.

* electrical andsig_flow v
sig_flow_v
e electrical andmechanical

are compatible disciplines because the nature for
potential is same for both disciplines and the nature for flow does not exist in

are incompatible disciplines because the natures

for both potential and flow are not derived from the same base natures.

* electrical andsig_flow_x

are incompatible disciplines because the nature for

both potentials are not derived from the same base nature.
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* An empty disciplines compatible with all other disciplines of the same domain
(determined independently) because it does not have a potential or a flow nature.
Without natures, there can be no conflicting natures.

* electrical andiogic are incompatible disciplines because the domains are
different. A connect statement must be used to connect these nets and or ports
together.

Branches

A branchis a path between two nets. If both nets are conservative, then the branch is a
conservative branchnd it defines a branch potential and a branch flow. If one net is a
signal-flow net, then the branch isignal-flow branchand it defines either a branch
potential or a branch flow, but not both.

Each branch declaration is associated with two nets from which it derives a discipline.
These nets are referred to aslihench terminalsOnly one net need be specified, in
which case the second net defaultgrmund and the discipline for the branch is derived
from the specified net. The disciplines for the specified nets shall be compatible (see
3.8).

The syntax for declaring branches is shown in Syntax 3-10.

branch_declaration ::=
branch list_of branches

list_of branches ::=
terminals list_of branch_identifiers

terminals ::=
(net_or_port_scalarexpressior)
| (net_or_port_scalarexpression net_or_port_scalarexpressior)

list_of branch_identifiers ::=
branch identifier [ range ]
| branch _identifier [ range ] list_of_branch_identifiers

Syntax 3-10—Syntax for branch declaration

If one of the terminals of a branch is a vector net, then the other terminal shall either be

a scalar net or a vector net of the same size. In the latter case, the branch is referred to as
avector branchWhen both terminals are vectors, the scalar branches that make up the
vector branch connect to the corresponding scalar nets of the vector terminals, as shown
in Figure 3-1.
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Figure 3-1 Two vector terminals
When one terminal is a vector and the other is a scalar, a singular scalar branch connects
to each scalar net in the vector terminal and each terminal of the vector branch connects
to the scalar terminal, as shown in Figure 3-2.
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Vector Terminal Scalar Termlnaf

Figure 3-2 One vector and one scalar terminal

3.10 Namespace

3.10.1

3.10.2

Version 2.0

The following subsections define the namespace.

Nature and discipline

Natures and disciplines are defined at the same level of scope as modules. Thus,
identifiers defined as natures or disciplines have a global scope, which allows nets to be
declared inside any module in the same manner as an instance of a module.

Access functions

Each access function name, defined before a module is parsed, is automatically added to
that module’s name space unless there is another identifier defined with the same name
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as the access function in that module’s name space. Furthermore, the access function of
each base nature shall be unique.

3.10.3 Net

The scope rules for net identifiers are the same as the scope rules for any other identifier
declarations, except nets can not be declared anywhere other than in the port of a module
or in the module itself. A net can only be declared inside a module block; a net can not

be declared local to a block.

Access functions are uniquely defined for each net based on the discipline of the net.
Each access function is used with the name of the net as its argument and a net can only
be accessed through its access functions.

The hierarchical reference charactér¢an be used to reference a net across the module
boundary according to the rules specifietEHRE 1364-1995 Verilog HDL

3.10.4 Branch

The scope rules for branch identifiers are the same as the scope rules for net identifiers.
A branch can only be declared inside a module block; there is no local declaration for a
branch.

Access functions are uniquely defined for each branch based on the discipline of the
branch. The access function is used with the name of the branch as its argument and a
branch can only be accessed through its access functions.

The hierarchical reference charactér¢an be used to reference a net across the module
boundary according to the rules specifiedBRE 1364-1995 Verilog HDL
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Section 4

EXxpressions

This section describes the operators and operands available in the Verilog-AMS HDL,
and how to use them to form expressions.

An expressions a construct which combineperandswith operatorsto produce a

result which is a function of the values of the operands and the semantic meaning of the
operator. Any legal operand, such as an integer or an indexed element from an array of
reals, without a operator is also considered an expression. Wherever a value is needed in
a Verilog-AMS HDL statement, an expression can be used.

Some statement constructs require an expression todrestant expressiohe
operands of a constant expression consists of constant numbers and parameter names,
but they can use any of the operators defined in Table 4-1, Table 4-15, and Table 4-16.

4.1  Operators

The symbols for the Verilog-AMS HDL operators are similar to those in the C
programming language. Table 4-1 lists these operators.

Table 4-1—Operators

+ - * Arithmetic
% Modulus
> >= < <= Relational

== === Case equality

1= == Logical equality

! Logical negation

&& Logical and

Il Logical or

~ Bit-wise negation

& Bit-wise and

| Bit-wise inclusive or

N Bit-wise exclusive or

A~ N Bit-wise equivalence
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Table 4-1—Operators, continued

<< Left shift

>> Right shift

?: Conditional

or Event or

4 {3 Concatenation, replication
41.1 Operators with real operands

The operators shown in Table 4-2 are legal when applied to real operands. All other
operators are considered illegal when used with real operands.

Table 4-2—Legal operators for use in real expressions

unary + unary -| Unary operators

+ - * Arithmetic
% Modulus
> >= < <= Relational

== 1= Logical equality

I && || Logical
?: Conditional
or Event or

The result of using logical or relational operators on real numbers is an integey value
(falsg or 1 (true).

Table 4-2 lists those operators which shall not be used to operate on real numbers.

Table 4-3—Operators not allowed for real expressions

=== I== Case Equality

~ & | N M~ Bit-wise

<< >> Shift

¢ {3 Concatenation and replication
operator

41.1.1 Real to integer conversion

Real numbers are converted to integers by rounding the real number to the nearest
integer, rather than by truncating it. Implicit conversion takes place when a real number
is assigned to an integer. The ties are rounded away fromozero (
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Examples:

/I The real numbers 35.7 and 35.5 both become 36 when
/I converted to an integer and 35.2 becomes 35.

/I Converting -1.5 to integer yields -2, converting 1.5 to
/l integer yields 2.

4.1.1.2 Arithmetic conversion

For operands, a common data type for each operand is determined before the operator is
applied. If either operand is real, the other operand is converted to real. Implicit
conversion takes place when a integer number is used with a real number in an operand.

Examples:

a=3+5.0;

/I The expression "3 + 5.0" is evaluated by "casting" the

/I integer 3 to the real 3.0, and the result of the expression is 8.0.
b=1/2;

/I The above is integer division and the result is 0.

c=8.0+(1/2);

/I (1/2) is treated as integer division, but the result is cast to a

/I real (0.0) during the addition, and the result of the
/I expression is 8.0.

4.1.2 Binary operator precedence

The precedence order binary operatorsand theconditional operato(?:) is shown in
Table 4-4.

Table 4-4—Precedence rules for binary operators

+ - | ~(unary) Highest precedence

* %

+ - (binary)

<< >>

&& v

?: (conditional operator) Lowest precedence
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Operators shown on the same row in Table 4-4 have the same precedence. Rows are
arranged in order of decreasing precedence for the operators. For exampkmndv
all have the same precedence, which is higher than that of the binang- operators.

All operators associate left to right with the exception of the conditional operator which
associates right to left. Associativity refers to the order in which the operators having the
same precedence are evaluated.

Example:
In the following example is added ta and thercis subtracted from the result afB.
A+B-C

When operators differ in precedence, the operators with higher precedence associate
first.

Examples:

In the following exampleB is divided byc (division has higher precedence than
addition) and then the result is added.to

A+B/C
Parentheses can be used to change the operator precedence.

(A+B)/C
/I notthe sameas A+B/C

4.1.3 Expression evaluation order

The operators follow the associativity rules while evaluating an expression as described
in 4.1.2. However, if the final result of an expression can be determined early, the entire
expression need not be evaluated, as long as the remaining expression does not contain
analog expressions. This is callgwbrt-circuitingan expression evaluation.

Examples:

integer A, B, C, result ;
resut=A& (B|C);

If A is known to be zer}, the result of the expression can be determined as®@ero (
without evaluating the sub-express®nc .

4.1.4 Arithmetic operators

Table 4-5 shows the binary arithmetic operators.

Table 4-5—Arithmetic operators defined

a+b aplusb
a-b aminus b
a*b a multiply by b
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Table 4-5—Avrithmetic operators defined,  continued

alb a divide by b

a%b amodulo b

Integer division truncates any fractional part toward zeyo (

The unary arithmetic operators take precedence over the binary operators. Table 4-6
shows the unary operators.

Table 4-6—Unary operators defined

+m Unary plus m (same as m)

-m Unary minus m

Themodulusoperator, for examplg % z, gives the remainder when the first operand is
divided by the second, and thus is zexpwhenz dividesy exactly. The result of a
modulus operation takes the sign of the first operand.

For the case of the modulus operator where either argument is real, the operation
performed is

a % b = a - floor(a/b)*b;
Table 4-7 gives examples of modulus operations.

Table 4-7—Examples of modulus operations

Modulus expression Result Comments
11% 3 2 11/3 yields a remainder of 2.
12% 3 0 12/3 yields no remainder.
-10% 3 -1 The result takes the sign of the first operand.
11 % -3 2 The result takes the sign of the first operand.
10 % 3.75 25 [10 - floor(10/3.75)*3.75 ] yields a remainder of 2.5.
4.1.5 Relational operators

Table 4-8 lists and defines the relational operators.

Table 4-8—The relational operators defined

a<b alessthanb

a>b a greaterthan b

a<=b aless than or equal to b
a>=bh a greater than or equalto b
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An expression using theselational operatorsyields the value zer®j if the specified
relation isfalseor the value onel] if it is true.

All the relational operators have the same precedence. Relational operators have lower
precedence than arithmetic operators.

Examples:
The following examples illustrate the implications of this precedence rule:

a < foo-1 //this expression is the same as

a < (foo - 1)// this expression, but . . .

foo - (1 < a)/l this one is not the same as

foo - 1 < all this expression
Whenfoo - (1 < a) is evaluated, the relational expression is evaluated first and then
either zero@) or one {) is subtracted frorfoo . Whenfoo - 1 <a is evaluated, the
value offoo operand is reduced by org énd then compared with

4.1.6 Case equality operators

Thecase equality operatorghare the same level of precedence abtheal equality
operators These operators have limited support in the analog block (see 8.3.2).
Additional information on these operators can also be found ificEE 1364-1995
Verilog HDL

4.1.7 Logical equality operators

Thelogical equality operatorsank lower in precedence than the relational operators.
Table 4-9 lists and defines the equality operators.

Table 4-9—The equality operators defined

a == aequaltob

al= b anotequaltob

Both equality operators have the same precedence. These operators compare the value
of the operands. As with the relational operators, the result shall bed}éro (
comparison fails, onel) if it succeeds.

4.1.8 Logical operators

The operatorfogical and(&&) andlogical or (|| ) are logical connectives. The result of
the evaluation of a logical comparison can be ah¢defined adrue) or zero ()
(defined agalsg. The precedence &k is greater than that ¢ff and both are lower than
relational and equality operators.
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Expressions

A third logical operator is the unatggical negatioroperator (). The negation operator
converts a non-zero or true operand into ze)afd a zero or false operand into ong (

Examples:

The following expression performs a logical and of three sub-expressions without
needing any parentheses:

a < paraml && b != ¢ && index != lastone

However, parentheses can be used to clearly show the precedence intended, as in the
following rewrite of the above example:

(a < paraml) && (b != ¢) && (index != lastone)

Bit-wise operators

Thebit-wise operatorperform bit-wise manipulations on the operands—that is, the
operator combines a bit in one operand with its corresponding bit in the other operand to
calculate one bit for the result. The following logic tables (Table 4-10 — Table 4-14)
show the results for each possible calculation.

Table 4-12—Bit-wise

Table 4-10—Bit-wise binary exclusive or

binary and operator operator
& 0 1 " 0
0 0o |o 0 0
1 0 1 1 1

Table 4-13—Bit-wise
binary exclusive nor

Table 4-11—Bit-wise
binary or operator

operator
| 0] 1
N
0 e A ol 1
1 1|1 0 110
1 0 1

Table 4-14—Bit-wise unary negation operator
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4.1.10 Shift operators

Theshift operators<< and>>, perform left and right shifts of their left operand by the
number of bit positions given by the right operand. Both shift operators fill the vacated
bit positions with zeroe]. The right operand is always treated as an unsigned number.
Examples:

integer start, result;
analog begin

start = 1,

result = (start << 2);
end

In this example, the registessult  is assigned the binary valagoo, which isooo1
shifted to the left two positions and zero-filled.
41.11 Conditional operator

Theconditional operatoralso known asernary operatoris right associative and shall
be constructed using three operands separated by two operators, as shown in Syntax 4-1.

conditional_expression ::=
expression expression2 expression3

Syntax 4-1—Syntax for conditional operator

The evaluation of a conditional operator begins with the evaluatierRppéssion1 . If
expressionl  evaluates tdalse(0), thenexpression3 is evaluated and used as the
result of the conditional expressionekpression1  evaluates térue (any value other
than zero()), thenexpression2 is evaluated and used as the result.

4.1.12 Event or

The evenbr operator performs an or of events. See 6.7.2 for events and triggering of
events.

4.1.13 Concatenations

A concatenation is used for joining scalar elements into compound elements (buses or
arrays) for the built-in typeisteger or real, or for elements declared of type

net_discipline . The concatenation shall be expressed using the brace charéag}ers (
with commas separating the expressions within.
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Examples:
module x;

parameter real p1[0:2] ={ 1.0, 2.0, 3.0 };
endmodule

moduley;
parameter real polel = 0, pole2 = 0, pole3 = 0;
x #(.p1({polel, pole2, pole3}) x1;

endmodule

Modulex defines a real-array parameper Moduley instantiates and overrides the
array value of the parameter of modulex via the concatenation of the scalar
parametersgolel , pole2 , andpole3 .

Concatenations can be expressed using a replication multiplier.
Example:

{c, {2{a, b}}} // equivalent to: {c, a, b, a, b}
The replication multiplier shall be a constant expression.

4.2 Built-in mathematical functions

Verilog-AMS HDL supports the following standard mathematical functions.

421 Standard mathematical functions

The standard mathematical functions supported by Verilog-AMS HDL are shown in
Table 4-15. The operands shall be numeanieger orreal ). Formin(), max(), andabs(),

if either operand is real, both are converted to real, as is the result. All other arguments
are converted to real.

Table 4-15—Standard functions

Function Description Domain

In(x) Natural logarithm x>0

log(x) Decimal logarithm x>0

exp(x) Exponential x<80
sqrt(x) Square root x=0

min(x, y) Minimum All x, ally
max(X, y) Maximum All x, ally
abg(x) Absolute Allx
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Built-in mathematical functions

Table 4-15—Standard functions, continued

Function Description Domain
pow(x, Y) Power &) if x= 0, ally;
if x<0,int(y)
floor (x) Floor All x
ceil(x) Ceiling All x

Themin(), max(), andabs() functions have discontinuous derivatives; it is necessary to
define the behavior of the derivative of these functions at the point of the discontinuity.
In this context, these functions are defined so:

min(X,y) is equivalent tgx <y) ? x : y
max(X,y) IS equivalent tgx >y) ? x : y
abg(X) is equivalent t@x > 0) x : —x

Transcendental functions

The trigonometric and hyperbolic functions supported by Verilog-AMS HDL are shown
in Table 4-16. All operands shall be numeiiedger orreal )and are converted to real
if necessary.

All arguments to the trigonometric and hyperbolic functions are specified in radians.

Table 4-16—Trigonometric and hyperbolic functions

Function Description Domain
sin(x) Sine All x
cogX) Cosine Allx
tan(x) Tangent x#n (1/2),nis odd
asin(x) Arc-sine -l<x<1
acogx) Arc-cosine -lsx<1
atan(x) Arc-tangent Allx
atan2(x,y) Arc-tangent of«/y All x, All 'y
hypot(x.y) sqrt(x +y2) All x, Al 'y
sinh(x) Hyperbolic sine X< 80
coshx) Hyperbolic cosine x<80
tanh(x) Hyperbolic tangent Alk
asinh(x) Arc-hyperbolic sine Alix
acosh(x) Arc-hyperbolic cosine x=1
atanh(x) Arc-hyperbolic tangent -£x<1
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4.2.3

4.3

Version 2.0

Error handling

All values outside of the domain for these math functions shall report an error.

Signal access functions

Access functions are used to access signals on nets, ports, and branches. There are twc
types of access functionstanch access functiormdport access functian The name

of the access function for a signal is taken from the discipline of the net, port, or branch
where the signal or port is associated and utilizeg)tbperator. A port access function

also takes its name from the discipline of the port to which it is associated but utilizes the
port access<¢) operator.

If the signal or port access function is used in an expression, the access function returns
the value of the signal. If the signal access function is being used on the left side of a
branch assignment or contribution statement, it assigns a value to the signal. A port
access function can not be used on the left side of a branch assignment or contribution
statement.

Table 4-17 shows how access functions can be applied to branches, nets, and ports. In
this table plrefers to a brancmlandn2represent either nets or ports, gridepresents

a port. These branches, nets, and ports are assumed to belong to the electrical discipline,
whereV is the name of the access function for the voltage (potential)iarde name

of the access function for the current (flow).

Table 4-17—Access functions examples

Example Comments
V(b1) Accesses the voltage across brabth
V(nl) Accesses the voltage ol (a net or a port) relative to ground.
V(n1,n2) Accesses the voltage difference betwe&andn?2 (nets or ports).
1(b1) Accesses the current on brarich
I(n1) Accesses the current flowing frami (a net or port) to ground.
I(n1, n2) Accesses the current flowing betwegnandn?2.
I(n1, n1) Error
I(<p1>) Accesses the current flow into the module throughgbrt

The argument expression list for signal access functions shall be a branch identifier, or
a list of one or two nets or port expressions. If two net expressions are given as arguments
to a flow access function, they shall not evaluate to the same signal. The net identifiers
shall be scalar or resolve to a constant net of a composite net type (array or bus) accessed
by a genvar expression.
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44.1

4-12

Analog operators

The operands of an expression shall be unique to define a valid branch. The access
function name shall match the discipline declaration for the nets, ports, or branch given
in the argument expression list. In this casandl are used as examples of access
functions for electrical potential and flow.

For port access functions, the expression list is a single port of the module. The port
identifier shall be scalar or resolve to a constant net of a bus port accessed by a genvar
expression. The access function name shall match the discipline declaration for the port
identifier.

Analog operators

Analog operators operate on an expression and return a value. They are functions which
operate on more than just the current value of their arguments. Instead, they maintain
their internal state and their output is a function of both the input and the internal state.

Analog operators are also referred tdilkers. They include the time derivative, time
integral, and delay operators from calculus. They also include the transition and slew
filters, which are used to remove discontinuity from piecewise constant and piecewise
continuous waveforms. Finally, they include more traditional filters, such as those
described with Laplace and Z-transform descriptions.

One special analog operator is tiexp() function, which is a version of th&p()
function with built-in limits to improve convergence.

Restrictions on analog operators

Analog operators are subject to several important restrictions because they maintain their
internal state.

* Analog operators shall not be used inside conditiohah(dcase ) or looping
(for ) statements unless the conditional expression controlling the statement
consists of terms which can not change their value during the course of an
analysis, i.e., unless the conditional expression is a genvar expression.

* Analog operators are not allowed in thpeat andwhile looping statements.

* Analog operators can only be used insidexagiog block; they can not be used
inside arninitial oralways block, or inside a user-defined function.

» ltisillegal to specify a null argument in the argument list of an analog operator,
except as specifed elsewhere in this document.

These restrictions help prevent usage which could cause the internal state to be corrupted
or become out-of-date, which results in anomalous behavior.
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4.4.3

4.4.4
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Vector or array arguments to analog operators

Certain analog operators require arrays or vectors to be passed as arguments: Laplace
filters, Z-transform filters, andoise_table . An array can be passed as:

» array_identifier
e const_array_expression

A const_array_expressiaalows the arrays to be passed within the argument list
without explicit declaration of the array object, as shown in Syntax 4-2.

constant_array_expression ::=
{ constant_arrayinit_element f£onstant_arrayinit_element}

constant_arrayinit_element ::=
constant_expression
| integer_constant_expressignconstant_expressign

Syntax 4-2—Syntax for constant array expression

Analog operators and equations

Generally, simulators formulate the mathematical description of the system in terms of
first-order differential equations and solve them numerically. There is no direct way to
solve a set of nonlinear differential equations so iterative approaches are used. When
using iterative approaches, some critettdefance$ is needed to determine when the
algorithm knows when it is close enough to the solution and then stops the iteration.
Thus, each equation, at a minimum, shall have a tolerance defined and associated with it.

Occasionally, analog operators require new equations and new unknowns be introduced
by the simulator to convert a module description into a set of first-order differential
equations. In this case, the simulator attempts to determine from context which tolerance
to associate with the new equation and new unknown. Alternatively, these operators can
be used to specify tolerances.

Specifying natures also directly enforces reusability and allows other signal attributes to
be accessed by the simulator.

Time derivative operator

Theddt operator computes the time derivative of its argument, as shown in Table 4-18.
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Analog operators

Table 4-18—Time derivative

Operator

Comments

ddt(expn

d
Returns ax(t) , the time-derivative &f where x is expr

ddt(expr, abstol

Same as above, except absolute tolerance is specified expliditly.

ddt(expr, naturg

Same as above, except nature is specified explicitly.

In DC analysisddt() returns zerod). The optional parametabstolis used as an

absolute tolerance if needed. Whether an absolute tolerance is needed depends on the
context whereldt() is used. See 4.4.3 for more information on the application of
tolerances to equations. The absolute tolerasostolor derived frommature applies to

the output of theidt operator and is the largest signal level that is considered negligible.

Time integral operator

Theidt operator computes the time-integral of its argument, as shown in Table 4-19.

Table 4-19—Time integral

Operator Comments
idt (expr) ReturnsJ{0 X(T)dT , the time-integral affrom O to t with the initial condition
being computed in the DC analysis. Where exgr.
idt (expric) Returnj’t0 X(T)dT +iC , the time-integral affrom 0 tot with the initial

conditionic. In DC analysisic is returned. Where x isxpr.

idt (expr,ic,asseit

Returni X(T)dt +iC , the time-integral affrom t, to t with initial condition
0
ic. asserts a integer-valued expressiadt returnsic whenasserts non-zerotg is

the time wherassertlast becam@. Where x isexpr.

idt (expr,ic,assert,abstpl

Same as above, except absolute tolerance is specified explicitly.

idt (expr,ic,assert,natuje

Same as above, except nature is specified explicitly.

When specified with initial conditiongit() returns the value of the initial condition in
DC and IC analyses whenewasseris given and is non-zero. Without initial conditions,
idt() multiplies its argument by infinity in DC analysis. Hence, without initial conditions,
it can only be used in a system with feedback which forces its argument to)zero (

The optional parametabstolor natureis used to derive an absolute tolerance if needed.
Whether an absolute tolerance is needed depends on the contexiwheresed. (See
4.4.3 for more information.) The absolute tolerance applies to the input of thygerator
and is the largest signal level that is considered negligible.
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4.4.6 Circular integrator operator

Theidtmod operator, also called thegrcular integrator, converts an expression argument
into its indefinitely integrated form similar to tiee operator, as shown in Table 4-20.

Table 4-20—Circular integrator

Operator Comments

idtmod (expr) Returnsﬁ) X(T)dt , the time-integral affrom O to t with the initial

condition being computed in the DC analysis. Whereex|x

idtmod (expric) Returnsﬁ) X(T)dt +iC , the time-integral affrom O tot with the

initial conditionic. In DC analysisic is returned. Where x Bxpr.

idtmod (expr,ic,modulus Returnsk, where0 < k < modulus andk is

rOX(T)dT +ic = nx modulust Kn=..-3-2-1,0,1,23....

Where x isexpr.

idtmod (expr,ic,modulus,offset Returnsk, whereoffset <k<offset +modulus andkis

J‘Ox(r)dr+ic = nx modulust kwhere x isexpr

idtmod (expr,ic,modulus,offset, absfol | Same as above, except absolute tolerance is specified explicitly.

idtmod (expr,ic,modulus,offset, natjre | Same as above, except nature is specified explicitly.

Version 2.0

The initial condition is optional. If the initial condition is not specified, it defaults to zero
(0). Regardless, the initial condition shall force the DC solution to the system.

If idtmod() is used in a system with feedback configuration which foeses to zero (),

the initial condition can be omitted without any unexpected behavior during simulation.
For example, an operational amplifier alone needs an initial condition, but the same
amplifier with the right external feedback circuitry does not need a forced DC solution.

The output of thétmod() function shall remain in the range

offset <= idtmod < offset+modulus

Themodulus shall be an expression which evaluates to a positive value. If the modulus
is not specified, theitmod() shall behave lik&it() and not limit the output of the
integrator.

The default fopffset  shall be zeroq).
The following relationship betweaett() andidtmod() shall hold at all times.
Examples:
If
y = idt(expr, ic) ;

z = idtmod(expr, ic, modulus, offset) ;
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then

y =n*modulus + z ;// nis an integer
where

offset <z < modulus + offset
In this example, the circular integrator is useful in cases where the integral can get very
large, such as a VCO. In a VCO we are only interested in the output values in the range
[0,2m], e.g.,

phase = idtmod(fc + gain v(in), 0, 1, 0);

V(OUT) <+ sin(2 OM_PI [phase);
Here, the circular integrator returns a value in the ramgé [

4.4.7 Absolute delay operator

absdelay()implements the absolute transport delay for continuous waveforms (use the
transition operator to delay discrete-valued waveforms). The general form is

absdelay(input, td [, maxdelay )

inputis delayed by the amouttdt In all casesd shall be a positive number. If the
optionalmaxdelayis specified, thetd can vary; but it shall be an error if it becomes
larger tharmaxdelay If maxdelayis not specified, changestibshall be ignored. If
maxdelays specified, changes td are ignored and the initial value ofaxdelays used.

In DC and operating point analysessdelay()returns the value of iisput In AC and
other small-signal analyses, thigsdelayoperator phase-shifts the input expression to the
output of the delay operator based on the following formula.

Outpu(w) = Input(w) (&

td is evaluated as a constant at a particular time for any small signal analysis. In time-
domain analyseapsdelay()introduces a transport delay equal to the instantaneous value
of td based on the following formula.

Outpuf( § = Input(max ttd, 0))

The transport delatd can be either constant (typical case) or vary as a function of time
(whenmaxdelayis defined). A time-dependent transport delay is shown in Figure 4-1,
with a ramp input to thebsdelayoperator for both positive and negative changes in the
transport delayd and amaxdelayof 5.
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Input

td(s) - — — -

Output ===

Figure 4-1 Transport delay example

From timeo until 2s, the output remains atput(0) . With a delay obs, the output then
starts trackingpput(t - 2) . At 3s, the transport delay changes framto 4s,
switching the output back toput(0) , sinceinput(max(t-td,0)) returnso. The
output remains at this level urdd when it once again starts tracking the input from
t = 0. At 5s the transport delay goes te and the output correspondingly jumps from
its current value to the value definedityut(t - 1)

448 Transition filter

Version 2.0

transition() Smooths out piecewise constant waveforms. The transition filter is used to
imitate transitions and delays on digital signals (for non-piecewise constant signals, see
4.4.9). This function provides controlled transitions between discrete signal levels by
setting the rise time and fall time of signal transitions, as shown in Figure 4-2.

input_expression(t) output_expression(t)

Figure 4-2 Transition filter example

transition() stretches instantaneous changes in signals over a finite amount of time and can
delay the transitions, as shown in Figure 4-3.
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Input to transition filter

Response of transition filter
with transition times specified

Figure 4-3 Shifting the transition filter

4481 Syntax
The general form is

transition( expr [, td [, rise_time [, fall_time [, time_tol]]1]11])
transition() takes the following arguments (all real-valued expressions):

* the input expression

» the delay time (shall be non-negative)

» the rise time (shall be greater than or equa) to
» the fall time (shall be greater than or equai)to
» the time_tol (shall be positive)

The input expression is expected to evaluate over time to a piecewise constant
waveform. When appliedansition() forces all positive transitions @xprto occur over
rise_timeand all negative transitions to occurfafi_time (after an initial delay ofd).
Thus,td models transport delay ande_timeandfall_time model inertial delay.

transition() returns areal number which describes a piecewise linear function over time.
The transition function causes the simulator to place time-points at both corners of a
transition. Iftime_tolis not specified, the transition function causes the simulator to
assure each transition is adequately resolved.

td, rise_time fall_time,and time_tolare optional. Itd is not specified, it is taken to be
zero 0.0 ). If only a positiverise_timevalue is specified, the simulator uses it for both
rise and fall times. If neither rise nor fall time are specified or are equal to @eop |,
the rise and fall time default to the value defineddbfault_transition

If ‘default_transition is not specified the default behavior approximates the ideal
behavior of a zero-duration transition. Forcing a zero-duration transition is undesirable
because it could cause convergence problems. Instead, a negligible, but non-zero,
transition time is used. The small non-zero transition time allows the simulator to shrink
the timestep small enough so a smooth transition occurs and any convergence problems
are avoided. The simulator does not force a time point at the trailing corner of a transition
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to avoid causing the simulator to take very small time steps, which would result in poor
performance.

In DC analysistransition() passes the value of tiegprdirectly to its output. The@ansition

filter is designed to smooth out piecewise constant waveforms. When applied to
waveforms which vary smoothly, the simulation results are generally unsatisfactory. In
addition, applying the transition function to a continuously varying waveform can cause
the simulator to run slowly. Useansition() for discrete signals andew() (see 4.4.9) for
continuous signals.

If interrupted on a rising transitionansition() tries to complete the transition in the
specified time.

If the new final value level is below the value level at the point of the interruption
(the current value)ransition() uses the old destination as the origin.

If the new destination is above the current level, the first origin is retained.

New origin

'\ Original destination

e

~

output_expression(t) ‘
1+ New destination

Interruption

Figure 4-4 Completing the transition

Figure 4-4 shows a rising transition is interrupted near its midpoint and the new
destination level of the value below the current value. For the new origin and destination,
transition() computes the slope which completes the transition from the origin (not the
current value) in the specified transition time. It then uses the computed slope to
transition from the current value to the new destination.

With different delays, it is possible for a new transition to be specified before a
previously specified transition starts. The transition function handles this by deleting any
transitions which would follow a newly scheduled transition. A transition function can
have an arbitrary number of transitions pending. A transition function can be used in this
way to implement transport delay for discrete-valued signals.

Because the transition function can not be linearized in general, it is not possible to
accurately represent a transition function in AC analysis. The AC transfer function is
approximately modeled as having unity transmission for all frequencies in all situations.
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Because the transition function is intended to handle discrete-valued signals, the small
signals present in AC analysis rarely reach transition functions. As a result, the
approximation used is generally sufficient.

4.4.8.2 Examples
Example 1 QAM modulator

In this example, the transition function is used to control the rate of change of the
modulation signal in a QAM modulator.

module gam16(out, in) ;

parameter freq=1.0, ampl=1.0, dly=0, ttime=1.0/freq ;
input [0:4] in;

output out ;

electrical [0:4] in;

electrical out ;

real x, y, thresh;

integer row, col ;

analog begin
row = 2*(V(in[3]) > thresh) + (V(in[2]) > thresh) ;
col = 2*(V(in[1]) > thresh) + (V(in[0]) > thresh) ;
X = transition(row - 1.5, dly, ttime) ;
y = transition(col - 1.5, dly, ttime) ;
V(out) <+ampl*x* cog2*M_PI*freq* $abstime)
+ ampl*y*  sin(2*M_PI*freq* $abstime ;
$bound_steff0.1/freq) ;
end
endmodule

Example 2 A/D converter

In this example, an analog behavioral N-bit analog to digital converter, demonstrates the
ability of the transition function to handle vectors.

module adc(in, clk, out) ;
parameter bits = 8, fullscale = 1.0, dly = 0, ttime = 10n ;
input in, clk ;
output [0:bits-1] out ;
electrical in, clk;
electrical [0:bits-1] out;
real sample, thresh ;
integer result[0:bits-1];
genvari;

analog begin
@( crosgV(clk)-2.5, +1)) begin
sample = V(in);
thresh = fullscale/2.0;
for i=bhits-1;i>=0;i=i-1) begin
if (sample > thresh)
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begin

result[i] = 1.0;

sample = sample - thresh ;
end else begin

result[i] = 0.0;
end
sample = 2.0*sample;
end
end
for i=0;i<bits;i=i+1) begin
V(out]i]) <+ transition(result[i], dly, ttime);
end
end
endmodule

449 Slew filter

Theslewanalog operator bounds the rate of change (slope) of the waveform. A typical
use forslew() is generating continuous signals from piecewise continuous signals. (For
discrete-valued signals, see 4.4.8.) The general form is

slew(expr [, max_pos_slew_rate [max_neg_slew_rate )]
slew() takes the following arguments (adlal numbers):

* the input expression
* the maximum positive slew rate
* the maximum negative slew rate

When appliedslew() forces all transitions oéxpressiorfaster thammax_pos_slew_rate
to change aimax_pos_slew_ratete for positive transitions and limits negative
transitions tanax_neg_slew_rateate as shown in Figure 4-5.

output_expression(t) Ay
/ ESratepmaX

Figure 4-5 Slew filter transition

The two rate values are optionadax_pos_slew_ratghall be greater than z¢wp and
max_neg_slew_ratghall be less than zero) ( If themax_neg_slew_rats not
specified, it defaults to the inverse of thax_pos_slew_ratéf no rates are specified,
slew() passes the signal through unchanged. If the rate of chaegprad less than the
specified maximum slew ratesew() returns the value afxpr.
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In DC analysis,slew() simply passes the value of the destination to its output. In AC
small-signal analyses, thew() function has unity transfer function except when
slewing, in which case it has zero transmission through the function.

4.4.10 last_crossing function

Related to theross()function, thdast_crossing(function returns a real value representing
the simulation time when a signal expression last crossed®efiché general form is

last_crossing(expr, direction) ;

Thedirectionflag is interpreted in the same way as indfoes() function. The
last_crossing()function is subject to the same usage restrictions asodsg) function.

Thelast_crossing()function does not control the timestep to get accurate results; it uses
linear interpolation to estimate the time of the last crossing. However, it can be used with
thecrossfunction for improved accuracy.

Examples:

The following example measures the period of its input signal usingotis@ and
last_crossing()functions.

module period(in) ;
input in ;
voltage in ;
integer crossings ;
real latest, previous ;

analog begin
@( initial_step) begin
crossings =0 ;
previous =0 ;
end

@( crosqV(in), +1)) begin
crossings = crossings + 1 ;
previous = latest ;

end

latest = last_crossingV(in), +1) ;

@( final_step) begin
if (crossings < 2)
$strobg("Could not measure period.") ;
else
$strobg("period = %g, crossings = %d",
latest-previous, crossings) ;
end
end
endmodule

Before the expression crosses zenddr the first time, theast_crossing(function returns
a negative value.
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4411 Laplace transform filters

The Laplace transform filters implement lumped linear continuous-time filters. Each
filter takes an optional parametgrwhich is a real number or a nature used for deriving

an absolute tolerance (if needed). Whether an absolute tolerance is needed depends on
the context where the filter is used. The zeros argument may be represented as a null
argument. The null argument is characterized by two adjacent commas the

argument list.

4.4.11.1 laplace zp

laplace_zp()implements the zero-pole form of the Laplace transform filter. The general
form is

laplace_zp(expr,,p[.€])
where( (zeta) is a vector d¥l pairs of real numbers. Each pair represents a zero, the first
number in the pair is the real part of the zero and the second is the imaginary part.
Similarly, p (rho) is the vector oN real pairs, one for each pole. The poles are given in
the same manner as the zeros. The transfer function is

M-1 s o
|_| %L_ I+ I|:|
s Cktig
H(s) = N-1
S 0
k|:|0%l oL+ ipim

wherlek anchi( are the real and imaginary parts okthe agrovigile prk andp,i(

are the real and imaginary parts of #i& pole. If a root (a pole or zero) is real, the
imaginary part shall be specified as zewd (f a root is complex, its conjugate shall also
be present. If a root is zero, then the term associated with it is implemestedthsr
than(1-s/r) (where is the root).

4.411.2 laplace_zd
laplace_zd()implements the zero-denominator form of the Laplace transform filter. The
general form is
laplace_zd(expr,,d[,€])

where( (zeta) is a vector d¥l pairs of real numbers. Each pair represents a zero, the first
number in the pair is the real part of the zero and the second is the imaginary part.
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Similarly, d is the vector oN real numbers containing the coefficients of the
denominator. The transfer function is

wherlek and] are the real and imaginary parts okthe zero, dhile  is the
coefficient of thek!" power o§in the denominator. If a zero is real, the imaginary part
shall be specified as zero)( If a zero is complex, its conjugate shall also be present. If
a zero is zeroof, then the term associated with it is implementesl, esther than
(1-s/0).

4.4.11.3 laplace_np

laplace_np()implements the numerator-pole form of the Laplace transform filter. The
general form is

laplace_np(expr,n,p[,€])

wheren is a vector oM real numbers containing the coefficients of the numerator.
Similarly, p (rho) is a vector oN pairs of real numbers. Each pair represents a pole, the
first number in the pair is the real part of the pole and the second is the imaginary part.
The transfer function is

M -1
Z nksk
k=0

H(s) = g
__s 0O
kzo% pf + ipi!

wheren, is the coefficient of theth  power fn the numerator, whilg, andj, are

the real and imaginary parts of th&  pole. If a pole is real, the imaginary part shall be
specified as zeraj. If a pole is complex, its conjugate shall also be present. If a pole is
zero ), then the term associated with it is implementes|, esther than(l—-s/p) .

44114 laplace_nd
laplace_nd()implements the numerator-denominator form of the Laplace transform filter.
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The general form is

laplace_nd(expr,n,d[,€])

wherenis an vector oM real numbers containing the coefficients of the numerator and
dis a vector o real numbers containing the coefficients of the denominator. The
transfer function is

M
Z nksk

H(s) = k20—

> st
k=0

wheren, is the coefficient of thé"  powersih the numerator and, is the
coefficient of thekth power ofin the denominator.

44115 Examples
V(out) <+ laplace_zgV(in), {-1,0}, {-1,-1,-1,1});

implements
H(s) = 1+s
S S O
A 1 j% 10
and
V(out) <+ laplace_ndV(in), {0,1}, {-1,0,1});
implements
S
H(s) =
(s) Z 1

This example
V(out) <+ laplace_zgwhite noise(k), , {1,0,1,0,-1,0,-1,0});
implements a band-limited white noise source as
V(Z)ut = |52l_(1|2

4412 Z-transform filters

TheZ-transformfilters implement linear discrete-time filters. Each filter supports a
parametef which specifies the sampling period of the filter. A filter with unity transfer
function acts like a simple sample-and-hold which samples evsegonds and exhibits
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no delay. The zeros argument may be represented as a null argument. The null argument
is characterized by two adjacent commag (n the argument list.

All Z-transform filters share three common argumefits, andt,. T specifies the period
of the filter, is mandatory, and shall be positivepecifies the transition time, is
optional, and shall be nonnegative.

If the transition time is specified and is non-zero, the timestep is controlled to accurately
resolve both the leading and trailing corner of the transition. If it is not specified, the
transition time is taken to be or® (nit of time (as defined by theefault_transition
compiler directive) and the timestep is not controlled to resolve the trailing corner of the
transition. If the transition time is specified as zexp then the output is abruptly
discontinuous. AZ-filter with zero () transition time shall not be directly assigned to a
branch.

Finally ty specifies the time of the first transition, and is also optional. If not given, the
first transition occurs &to.

44121 zi_zp
zi_zp()implements the zero-pole form of tAdransform filter. The general form is

zi_zp(expr, ¢,p,T[,T[,t]])

where( (zeta) is a vector d¥l pairs of real numbers. Each pair represents a zero, the first
number in the pair is the real part of the zenoad the second is the imaginary part.
Similarly, p (rho) is the vector oN real pairs, one for each pole. The poles are given in
the same manner as the zeros. The transfer function is

M-1
[1-7 (Ck+ith
H(2) = §=3

[1-2 (pk+ipk)
k=0

wherel, andlj, are the real and imaginary parts ofdfle  zero, vohile pand  are

the real and imaginary parts of tk'  pole. If aroot (a pole or zero) is real, the imaginary
part shall be specified as zero. If a root is complex, its conjugate shall also be present. If
a root is zeroq), then the term associated with it is implemented, eegher than

(1—2z/r) (wherer is the root).

44122 zi_zd
zi_zd() implements the zero-denominator form of Bagansform filter.
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The form is

zi_zd(expr,Z,d,T[,1[,t]])

where( (zeta) is a vector dfl pairs of real numbers. Each pair represents a zero, the first
number in the pair is the real part of the zero and the second is the imaginary part.
Similarly, d is the vector oN real numbers containing the coefficients of the
denominator. The transfer function is

M-1
[1-7 (Ck+ith
H(z) = £=20

N-1
z dkz_k
k=0

whereZ, and] are the real and imaginary parts okthe  zero, djhile s the
coefficient of thek!" power ofin the denominator. If a zero is real, the imaginary part
shall be specified as zero)( If a zero is complex, its conjugate shall also be present. If

a zero is zeroof, then the term associated with it is implementer, esther than
(1-z/0).

zi_np

zi_np() implements the numerator-pole form of the¢ransform filter. The general form s

zi_np(expr,n,p,T[,T[,t]])

wheren is a vector oM real numbers containing the coefficients of the numerator.
Similarly, p (rho) is a vector oN pairs of real numbers. Each pair represents a pole, the

first number in the pair is the real part of the pole and the second is the imaginary part.
The transfer function is

M-1
—k
z Nz
H(2) = gt=2

[1-7 (pk+ ik
k=0

wheren, is the coefficient of theth  power fn the numerator, whilg, andj, are
the real and imaginary parts of th&"  pole. If a pole is real, the imaginary part shall be
specified as zeraj. If a pole is complex, its conjugate shall also be present. If a pole is
zero 0), then the term associated with it is implemented, esgher than(1-z/p) .
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zi_nd

zi_nd() implements the numerator-denominator form ofzieansform filter. The
general form is

zi_nd(expr,n,d, T[,T[,t]])

wheren is an vector oM real numbers containing the coefficients of the numerator and
dis a vector o real numbers containing the coefficients of the denominator. The
transfer function is

wheren, is the coefficient of thé"  powersih the numerator and,  is the
coefficient of thek!h power o in the denominator.

Limited exponential

Thelimexp() function is an operator whose internal state contains information about the
argument on previous iterations. It returns a real value which is the exponential of its
single real argument, however, it internally limits the change of its output from iteration
to iteration in order to improve convergence. On any iteration where the change in the
output of thaimexp() function is bounded, the simulator is prevented from terminating
the iteration. Thus, the simulator can only converge when the outpuéqi) equals

the exponential of the input. The general form is

limexp ( expr)

The apparent behavior thexp() is not distinguishable froraxp(), except usingimexp()
to model semiconductor junctions generally results in dramatically improved
convergence. There are different ways of implementing limiting algorithms for the
exponential 2.

4-28

1. Laurence W. Nagel, "SPICE2: A computer program to simulate semiconductor
circuits," Memorandum No. ERL-M520, University of California, Berkeley, California,
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2. W. J. McCallaFundamentals of Computer-Aided Circuit Simulatiktuwer
Academic Publishers, 1988.
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4.4.14 Constant versus dynamic arguments

Some of the arguments to the analog operators described in this section and the events
described in Section 6 expect dynamic expressions and others expect constant
expressions. The dynamic expressions can be functions of circuit quantities and can
change during an analysis. The constant expressions remain static throughout an
analysis.

Table 4-21 summarizes the arguments of the analog operators defined in this section.

Table 4-21—Analog operator arguments

Operator Constant expression arguments Dynamic expression arguments

ddt abstol expr

idt abstol éxpr ,ic ,assert

idtmod abstol éxpr ,ic,modulus, offset

cross expr_tol ,time_tol ekpr ,dir

last_crossing expr , dir

delay maxdelay expr ,td

transition expr ,td , rise_time,
fall_time

slew expr , max_pos_slew_rate,
max_neg_slew_rate

zi_zp zerospoles , T, ty expr , T

zi_zd

zi_np

zi_nd

laplace_zp poles , abgol , zero expr

laplace_zd

laplace_np

laplace_nd

timer time_tol start_time , period

limexp expr

If a dynamic expression is passed as an argument which expects a constant expression,
the value of the dynamic expression at the start of the analysis defaults to the constant
value of the argument. Any further change in value of that expression is ignored during
the iterative analysis.

4.5  Analysis dependent functions

This section describes thealysis()function, which is used to determine what type of
analysis is being performed, and the small-signal source functions. The small-signal
source functions only affect the behavior of a module during small-signal analyses. The
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small-signal analyses provided By ICEinclude the AC and noise analyses, but others
are possible. When not active, the small-signal source functions returio)xero (

45.1 Analysis

Theanalysis() function takes one or more string arguments and returnd pii@gy
argument matches the current analysis type. Otherwise it return®zerbe general
form is

analysis(analysis_lis)
There is no fixed set of analysis types. Each simulator can support its own set. However,

simulators shall use the types listed in Table 4-22 to represent analyses which are similar
to those provided b$PICE

Table 4-22—Analysis types

Name Analysis description

“ac” .AC analysis

“dc” .OP or .DC analysis

“noise” .NOISE analysis

“tran” .TRAN analysis

“ic” The initial-condition analysis which precedes a transient analysis.

“static” Any equilibrium point calculation, including a DC analysis as well as those that pre¢ede
another analysis, such as the DC analysis which precedes an AC or noise analysis| or the
IC analysis which precedes a transient analysis.

“nodeset” The phase during an equilibrium point calculation where nodesets are forced.

Any unsupported type names are assumed to not be a match.

Table 4-23 describes the implementation of the analysis function. Each column shows
the return value of the function. A status of onerépresent3rueand zeroq)
representgalse

Table 4-23—Return values for analysis functions

Simulator analysis type
Analysis Argument DC TRAN AC NOISE
OP TRAN OP AC OP AC

First part of ‘static” “nodeset” 1 1 0 1 0 1 0
Initial DC state “static” 1 1 0 1 0 1 0
Initial condition “ic” 0 1 0 0 O 0 O
DC “dc” 1 0O O 0 o 0 o0
Transient “tran” 0 1 1 0 0 0 O
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45.2

45.3

Version 2.0

Table 4-23—Return values for analysis functions, continued

Simulator analysis type
Analysis Argument DC TRAN AC NOISE
OP TRAN OP AC OP AC

Small-signal “ac” 0 0 0 11 00

Noise “noise” 0 0 0 0 0 11

Using theanalysis()function, it is possible to have a module behave differently depending
on which analysis is being run.

Examples:

To implement nodesets or initial conditions using the analysis function and switch
branches, use the following.

if ( analysig"ic"))

V(cap) <+ initial_value;
else

I[(cap) <+ ddt(C*V(cap));

AC stimulus

A small-signal analysis computes the steady-state response of a system which has been
linearized about its operating point and is driven by a small sinusoid. The sinusoidal
stimulus is provided using the_stim() function. The general form is

ac_stim([analysis_name,[mag [, phase]])

The AC stimulus function returns zero)(during large-signal analyses (such as DC and
transient) as well as on all small-signal analyses using names which do not match
analysis_namelhe name of a small-signal analysis is implementation dependent,
although the expected name (of the equivalent 8PACEAC analysis) isac” , which

is the default value ainalysis_nameWhen the name of the small-signal analysis
matchesnalysis_namehe source becomes active and models a source with magnitude
magand phasehase The default magnitude is ong)(@nd the default phase is ze).(
phaseis given in radians.

Noise

Several functions are provided to support noise modeling during small-signal analyses.
To model large-signal noise during transient analyses, usedti»m() system task. The

noise functions are often referred to as noise sources. There are three noise functions, one
models white noise processes, another moblétsr flicker noise processes, and the last
interpolates a vector to model a process where the spectral density of the noise varies as
a piecewise linear function of frequency. The noise functions are only active in small-
signal noise analyses and return zejootherwise.
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4531 white_noise

White noise processes are those whose current value is completely uncorrelated with any
previous or future values. This implies their spectral density does not depend on
frequency. They are modeled using

white_noise(pwr [, name ])
which generates white noise with a powepwof.
Examples:

The thermal noise of a resistor could be modelled using

I(a,b)  <+V(a,b)R+
white_noisd4 * ‘P_K * $temperature/R, "thermal");
The optionahameargument acts as a label for the noise source used when the simulator
outputs the individual contribution of each noise source to the total output noise. The
contributions of noise sources with the saramefrom the same instance of a module
are combined in the noise contribution summary.

45.3.2 flicker_noise
Theflicker_noise() function models flicker noise. The general form is
flicker_noise(pwr, exp [, name ]

which generates pink noise with a powepuwir at 1Hz which varies in proportion to
1/£€XP

The optionahameargument acts as a label for the noise source used when the simulator
outputs the individual contribution of each noise source to the total output noise. The
contributions of noise sources with the samaemefrom the same instance of a module
are combined in the noise contribution summary.

45.3.3 noise_table

Thenoise_table()function interpolates a vector to model a process where the spectral

density of the noise varies as a piecewise linear function of frequency. The general form
is

noise_table(vector [, name |

wherevectorcontains pairs of real numbers: the first number in each pair is the
frequency in Hertz and the second is the power. Noise pairs are specified in the order of
ascending frequenciesiise_table()performs piecewise linear interpolation to compute
the power spectral density generated by the function at each frequency.

The optionahameargument acts as a label for the noise source used when the simulator
outputs the individual contribution of each noise source to the total output noise. The
contributions of noise sources with the samaeefrom the same instance of a module
are combined in the noise contribution summary.
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4534 Noise model for diode
The noise of a junction diode could be modelled as shown in the following example.

I(a,c) <+is*( exp(V(a,c)/(n* $vt)) - 1)
+ white_noisg2*'P_Q*l(<a>))
+ flicker_noise(kf* pow( abgI(<a>)), af), ef);

4535 Correlated noise

Each noise function generates noise which is uncorrelated with the noise generated by
other functionsPerfectly correlated noises generated by using the output of one noise
function for more than one noise sourartially correlated noises generated by
combining the output of shared and unshared noise functions.

Examples:
Example 1 - Two noise voltages are perfectly correlated.

n = white_nois€pwr);
V(a,b) <+cl*n;
V(c,d) <+c2*n;

Example 2 - Partially correlated noise sources can also be modelled.

nl = white_nois€1-corr);
n2 = white_nois€1-corr);
nl2 = white_nois€corr);
V(a,b) <+ Kv*(nl+nl2);
I(b,c) <+ Ki*(n2 + n12);

4.6 User-defined functions

A user-defined function can be used to return a value (for an expression). All functions
are defined within modules. Each function can be an analog function or a digital function
(as defined inEEE 1364-1995 Verilog HDL

4.6.1 Defining an analog function

The syntax for defining an analog function is shown in Syntax 4-3.
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analog_function_declaration ::=
analog function[ type ]function_identifier ;
function_item_declaration { function_item_declaration }
statement
endfunction

type ::=
integer
| real

function_item_declaration ::=
input_declaration
| block_item_declaration

block item_declaration ::=
parameter_declaration
| integer_declaration
| real_declaration

Syntax 4-3—Syntax for an analog function declaration

An analog function declaration shall begin with the keywanatgog function, optionally
followed by the type of the return value from the function, then the name of the function
and a semicolon, and ending with the keywardfunction.

typespecifies the return value of the function; its use is optityjz.can be aeal or
aninteger ; if unspecified, the default isal

An analog function:

e can use any statements available for conditional execution (see 6.1);
+ shall not use access functions;
« shall not use contribution statements or event control statements;

» shall have at least one input declared; the block item declaration shall declare the
type of the inputs as well as local variables used in the function.

* shall not use named blocks: and

shall only reference locally-defined variables or variables passed as arguments.

Examples:

The following example defines an analog function catlegvalue , which returns the
potential of whichever signal is larger.
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4.6.2

4.6.3

Version 2.0

analog function realmaxValue;

input n1, n2 ;

real nl, n2;

begin
/I code to compare potential of two signal
maxValue =(n1>n2) ?nl:n2;

end

endfunction

Returning a value from an analog function

The analog function definition implicitly declares a variable, internal to the analog
function, with the same name as the analog function. This variable has the same type as
the type specified in the analog function declaration. The analog function definition
initializes the return value from the analog function by assigning the analog function
result to the internal variable with the same name as the analog function. This variable
can be read and assigned within the flow; its last assigned value is passed back on the
return call.

Example:
The following line (from the example in 4.6.1) illustrates this concept:
maxValue = (n1>n2)?nl:n2;

If the internal variable is not assigned, the function shall return a@gro (

Calling an analog function

An analog function call is an operand within an expression. Syntax 4-4 shows the analog
function call.

analog_function_call ::=
function identifier ( expression { expression )

Syntax 4-4—Syntax for function call
The order of evaluation of the arguments to an analog function call is undefined.

An analog function:

» shall not call itself directly or indirectly, i.e., recursive functions are not
permitted;

» shall only be called within an analog block; and

» can be called outside of their immediate scope.
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Example:
The following example uses thvexVvalue function defined in 4.6.1.

V(out) <+ maxValue(vall, val2) ;
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Section 5
Signals

5.1 Analog signals

Analog signals are distinguished from digital signals in thatreatog signahas a
discipline with a continuous domain. Disciplines, nets, nodes, and branches are
described in Section 3 and ports are described in Section 7.

This section describes analog branch assignments, signal access mechanisms, and
operators in Verilog-AMS HDL.

511 Access functions

Flows and potentials on nets, ports, and branches are accesseatussgyfunctions
The name of the access function is taken from the discipline of the net, port, or branch
associated with the signal.

Examples:
Example 1

For example, consider a named electrical brdnahereelectricalis a discipline with
V as the access function for the potential basd the access function for the flow. The
potential (voltage) is accessed via) and the flow (current) is accessed N .

* There can be any number of named branches between any two signals.

* Unnamed branches are accessed in a similar manner, except the access functions
are applied to net names or port names rather than branch names.

Example 2

If n1landn2are electrical nets or ports, them1, n2) creates an unnamed branch from
nlton2 (if it does not already exist) and then accesses the branch potential (or the
potential difference betweeri to n2),andv(n1) does the same froni to the global
reference nodegfound.

* In other words, accessing the potential from a net or port to a net or port defines
an unnamed branch. Accessing the potential on a single net or port defines an
unnamed branch from that net or port to the global reference gmag).

There can only be one unnamed branch between any two nets.

* An analogous access method is used for flows.
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Analog signals

Example 3

I(n1,n2)  creates an unnamed branch froirto n2 (if it does not already exist) and
then accesses the branch flow, a;nd) does the same fromil to the global reference
node @round.

* Thus, accessing the flow from a net or port to a net or port defines an unnamed
branch. Accessing the potential on a single net or port defines an unnamed branch
from that net or port to the global reference nageynd.

» Itis also possible to access the flow passing through a port into a module. The
name of the access function is derived from the flow nature of the discipline of
the port. In this casgs>) is used to delimit the port name rather tijan

Example 4

I(<p1>) isused to access the current flow into the module through the electricaliport
This capability is discussed further in 5.1.4.

Probes and sources

An analog component can be represented using a network of probes and controlled
sources. The Verilog-AMS HDL uses the concepgtrobesandsourcesas a means of
unambiguously representing a network. The mapping between these representations are
defined in following subsections.

Probes

If no value is specified for either the potential or the flow, the brancprnsie If the

flow of the branch is used in an expression anywhere in the module, the branibbws a
probe otherwise the branch iggatential probe Using both the potential and the flow
of a probe branch is illegal. The models for probe branches are shown in Figure 5-1.

|
+
p

: '
|

Figure 5-1 Equivalent circuit models for probe branches

The branch potential of a flow probe is zer).(The branch flow of a potential probe is
zero ().
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5.1.2.2 Sources

A branch, either named or unnamed, soairce branclif either the potential or the flow

of that branch is assigned a value by a contribution statement (see 5.3) anywhere in the
module. It is gpotential sourcef the branch potential is specified and il@awv sourcef

the branch flow is specified. A branch cannot simultaneously be both a potential and a
flow source, although it can switch between therswech branch.

Both the potential and the flow of a source branch are accessible in expressions
anywhere in the module. The models for potential and flow sources are shown in
Figure 5-2.

fis a probe which measures the flow through the branclpasid probe which
measures the potential across the branch.

Figure 5-2 Equivalent circuit models for source branches

5.1.3 Examples

The following examples demonstrate how to formulate models and the correspondence
between the behavioral description and the equivalent probe/source model.

5.1.3.1 The four controlled sources

The following example is used with each of the four behavioral statements listed below.
Each statement creates a unique controlled source when inserted into this example.

module control_source (p, n, ps, ns);

electrical p, n, ps, ns;

parameter A=1;

branch (ps,ns) in;

branch (p,n) out;
analog begin

/l add behavioral statement here
end

endmodule
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The model for a voltage controlled voltage source is
V(out) <+ A*V(in);

The model for a voltage controlled current source is
I(out) <+ A *V(in);

The model for a current controlled voltage source is
V(out) <+ A*I(in);

The model for a current controlled current source is
I(out) <+ A *I(in);

5.1.3.2 Resistor and conductor
Figure 5-3 shows the model for a linear conductor.

module my_conductor(p,n);
parameter real G=1;
electrical p,n;

branch (p,n) cond; *
. \Y - G
analog begin GV _
I(cond)<+ G * V(cond);
end
endmodule

Figure 5-3 Linear conductor model

The assignment tigcond) makescond a current source branch avn@dond)
accesses the potential probe built into the current source branch.

Figure 5-4 shows the model for a linear resistor.

module my_resistor(p,n);
parameter real R=1;
electrical p,n; l i
branch (p,n) res;
- R
analog begin
V(res)<+ R * [(res); Ri
end
endmodule

Figure 5-4 Linear resistor model
The assignment tg(res) makeses a potential source branch aigds)
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RLC circuits

A series RLC circuit is formulated by summing the voltage across its three components,

V(1) = Ri(t) + L%i(t) " é J’t_wi(T)dT

which can be defined as
V(p, n) <+ R*I(p, n) + L* ddt(l(p, n)) + idt(l(p, n))/C;

A parallel RLC circuit is formulated by summing the currents through its three
components,

it) = ‘% " C%v(t) ¥ % f_ v(r)dt

which can be defined as
I(p, n) <+V(p, n)/R + C* ddt(V(p, n)) + idt(V(p, n))/L;

Simple implicit diode

Verilog-AMS HDL allows components to be described with implicit equations.
Example:

In the following example, which is a simple diode with a series resistor, the model is
implicit because the diode curra@tc) appears on both sides of the contribution
operator. The current of the diode branch is specified, making it a flow source branch. In
addition, both the voltage and current of diode branch is used in the behavioral
description.

I(a, ©) <+is*(  limexp((V(a, c) —rs*I(a, c))/ $vt) — 1);

Port branches

The port access function accesses the flow into a port of a module. The name of the
access function is derived from the flow nature of the discipline of the port. However
(<>) is used to delimit the port name, e.gxa>) accesses the current through module
porta.

Examples:

Consider rewriting th@unction diodeso the total diode current is monitored and a
message is issued if it exceeds a given value.

module diode (a, c);

electrical a, c;

branch (a, c) i_diode, junc_cap;

parameter realis = 1le-14, tf= 0, cjo = 0, imax = 1, phi=0.7 ;
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analog begin
I(i_diode) <+is*( limexp(V(i_diode)/ $vt) - 1);
I(junc_cap) <+
ddt(tf*I(i_diode) - 2*cjo* sqrt(phi*(phi*V(junc_cap))));
if (I(<a>) >imax)
$strobg "Warning: diode is melting!" );
end
endmodule
The expressioN(<a>) is invalid for ports and nets, wheves a potential access
function. The port brancica>) can not be used on the left side of a contribution
operator+.
5.1.5 Switch branches

Source branches have the ability to switch between being potential and flow sources. To
switch a branch to being a potential source, assign to its potential. To switch a branch to
being a flow source, assign to its flow. This type of branch is useful when modeling ideal
switches and mechanical stops. The full circuit model for a switched branch is shown in

Figure 5-5.

- +

Position of the switch depends on whether a potential or flow is assigned to th
branch.

[¢)

Figure 5-5 Circuit model for a switched source branch
Examples:
An ideal relay (a controlled switch) can be implemented as
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modulerelay (p, n, ps, ns);
electrical p, n, ps, ns;
parameter vth=0.5;

integer closed;

analog begin
closed = (V(ps,ns) >vth ? 1 : 0);
if (closed)
V(p.,n) <+0;
else
I(p,n)  <+0;
end
endmodule

A discontinuity of order zeron) is assumed to occur when the branch switches and so it
IS not necessary to use thscontinuity function with switch branches.

5.1.6 Unassigned sources

If a value is not assigned to a branch, the branch flow is set toozero (

Examples:
if (closed)
V(p,n) <+0;
is equivalent to
if (closed)
V(p,n) <+0;
else
I(p,n) <+ 0;

5.2  Signal access for vector branches

Verilog-AMS HDL allows ports, nets, and branches to be arranged as vectors, however,
the access functions can only be applied to scalars or individual elements of a vector. The
scalar element of a vector is selected with an index, @@[1]) accesses the voltage

in[1]

The index must be a genvar expression which is an expression consisting of literals and/
or genvar variables. Genvar variables can only be assigned to as the iteration index of for
loops; they allow signal access within looping constructs.

Examples:

The following examples illustrate applications of access functions to elements of a an
analog signal vector or bus. In thiebit DAC example, the analog vector is accessed
within ananalog for  loop containing the genvar variableln the followingfixed-

width DAC example, literal values are used to access elements of the bus directly.
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1
/I N-bit DAC example.
1

module dac(out, in, clk);
parameter integerwidth = 8 from [2:24];
parameter real fullscale = 1.0, vth = 2.5, td = 1n, tt = 1n;
output out;
input [0:width-1] in;
input clk;
electrical out;
electrical [0:width-1] in;
electrical clk;

real aout;
genvari;

analog begin
@( crosqV(clk) - vth, +1)) begin
aout = 0;
for (i=width-1;i>=0;i=i-1) begin
if (V(in[i]) > vth) begin
aout = aout + fullscale/ pow(2, width - i);
end
end
end
V(out) <+ transition(aout, td, tt);
end
endmodule

1
/I 8-bit fixed-width DAC example.
1

module dac8(out, in, clk);
parameter real fullscale = 1.0, vth = 2.5, td = 1n, tt = 1n;
output out;
input [0:7] in;
input clk;
electrical out;
electrical [0:7] in;
electrical clk;

real aout;

analog begin
@( crosqV(clk) - 2.5, +1)) begin
aout = 0;
aout = aout + ((V(in[7]) > vth) ? fullscale/2.0 : 0.0);
aout = aout + ((V(in[6]) > vth) ? fullscale/4.0 : 0.0);
aout = aout + ((V(in[5]) > vth) ? fullscale/8.0 : 0.0);
aout = aout + ((V(in[4]) > vth) ? fullscale/16.0 : 0.0);
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aout = aout + ((V(in[3]) > vth) ? fullscale/32.0 : 0.0);

aout = aout + ((V(in[2]) > vth) ? fullscale/64.0 : 0.0);

aout = aout + ((V(in[1]) > vth) ? fullscale/128.0 : 0.0);

aout = aout + ((V(in[0]) > vth) ? fullscale/256.0 : 0.0);
end

V(out) <+ transition(aout, td, tt);
end

endmodule
The syntax for analog signal access is shown in Syntax 5-1.

access_function_reference ::=
bvalue
| pvalue

bvalue ::=
access_identifief analog_signal_lisk

analog_signal_list ::=
branch identifier
| array_branch identifier [ genvar_expression ]
| net_or_port_scalar_expression
| net_or_port_scalar_expressiamet_or_port_scalar_expression

net_or_port_scalar_expression ::=
net_or_portidentifier
| array_net_or_portidentifier [ genvar_expression ]
| vector_net_or_portidentifier [ genvar_expression ]

pvalue ::=
flow_access_identifief< port_scalar_expressior)

port_scalar_expression ::=

port_identifier
| array_port identifier [ genvar_expression ]
| vector_portidentifier [ genvar_expression ]

Syntax 5-1—Syntax for scalar selection of vector signals

5.2.1 Accessing net and branch signals

Signals on nets and branches can be accessed only by the access functions of the
discipline associated with them. The name of the net or the branch shall be specified as
the argument to the access function.

Examples:

electrical out, in ;// as defined in 3.4.2.1
parameter realgm =1 ;

analog
I(out) <+ gm*V(in) ;
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electrical p, n;
branch (p,n) res;
parameter real R = 50;

analog
V(res) <+ R*I(res);

5.2.2 Accessing attributes

Attributes are attached to the nature of a potential or flow. Therefore, the attributes for a
net or a branch can be accessed by using the hierarchical referencing opgratdiné
potential or flow for the net or branch.

Examples:

electrical a, b, n1, n2;
branch (n1, n2) cap ;
parameter realc = 1p;

analog begin
I(a,b) <+c* ddt(V(a,b), a. potential.abstol);

I(cap)  <+c* ddt(V(cap), nl.  potential.absto) ;
end

The syntax for referencing access attributes is shown in Syntax 5-2.

attribute_reference ::=
net identifier. pot_or_flow. attribute identifier

Syntax 5-2—Syntax for referencing attributes of a net

5.3 Contribution statements

Verilog-AMS HDL uses théranch contribution operatot+ to describe analog
behavior. This operator is only valid within analog block Branch contribution
statements are statements which use the branch contribution operators to describe
behavior in terms of a mathematical mapping of input signals to output signals.

531 Branch contribution statements

In general, a branch contribution statement consists of two parts, a left-hand side and a
right-hand side, separated by a branch contribution operator. The right-hand side can be
any expression which evaluates to or can be promoted to a real value. The left-hand side
specifies the source branch signal where the right-hand side shall be assigned. It shall
consist of a signal access function applied to a branch.

Analog behaviors can be described using:

V(n1, n2) <+ expression ;
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or
I(n1, n2) <+ expression ;

where(n1,n2)  represents an unnamed source branchvarch2)  refers to the

potential on the branch, whil@1,n2)  refers to the flow through the branch. The
expression can be linear, nonlinear, or dynamic in nature. The left-hand side can not use
a port access function.

Examples:
The following modules model a resistor and a capacitor.

module resistor(p, n);
electrical p, n;
parameter realr = 0;

analog
V(p.n)  <+ri(p, n);

endmodule

module capacitor(p, n);
electrical p, n;
parameter real ¢ = 0;

analog
I(p,n)  <+c* ddt(V(p, n));

endmodule

5.3.1.1 Relations

Branch contribution statements implicitly define source branch relations. The branch is
directed from the first net of the access function to the second net. If the second net is not
specified, the global reference nodeound is used as the reference net.

A branch relation is a path of the flow between two nets in a module. Each net has two
guantities associated with it—the potential of the net and the flow out of the net. In
electrical circuits, the potential of a net is its voltage, whereas the flow out of the net is
its current. Similarly, each branch has two quantities associated with it—the potential
across the branch and the flow through the branch.

Examples:
The following module models a simple single-ended amplifier.
module amp(out, in);

input in;

output out;

electrical out, in;
parameter real Gain = 1;

analog
V(out) <+ Gain*V(in);

endmodule
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5.3.1.2 Evaluation
A statement is evaluated as follows for source branch contributions:

1. The simulator evaluates the right-hand side.

2. The simulator adds the value of the right-hand side to any previously retained
value of the branch for later assignment to the branch. If there are no previously
retained values, the value of the right-hand side itself is retained.

3. Atthe end of the simulation cycle, the simulator assigns the retained value to the
source branch.

Parasitics are added to the amplifier shown in 5.3.1.1 by simply adding additional
contribution statements to model the input admittance and output impedance.

Examples:

module amp(out, in);
input in;
output out;
electrical out, in;
parameter realGain=1, Rin=1, Cin=1, Rout=1, Lout =1;
analog begin
/I gain of amplifier
V(out) <+ Gain*V(in);
/l model input admittance
I(in) <+ V(in)/Rin;
I(in) <+ Cin* ddt(V(in));
/I model output impedance
V(out) <+ Rout*I(out);
V(out) <+ Lout* ddt(I(out));
end

endmodule

5.3.1.3 Value retention

Contributing a flow to a branch which already has a value retained for the potential
results in the potential being discarded and the branch being converted to a flow source.
Conversely, contributing a potential to a branch which already has a value retained for
the flow results in the flow being discarded and the branch being converted into a
potential source. This is used to model switches. Itis illegal to contribute to an external
switch branch from within an analog block.

Examples:

module switch(p, n, cp, cn);
electrical p, n, cp, cn;
parameter real thresh = 0;
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analog begin
/I stop to resolve threshold crossings
@( crosqV(cp,cn) - thresh, 0));

if (V(cp,cn) > thresh)

V(p,n) <+0;
else

I(p,n)  <+0;

end

endmodule
The syntax for source contribution statement is shown in Syntax 5-3.

analog_branch_contribution ::=
bvalue<+ analog_expressian

Syntax 5-3—Syntax for branch contribution

Indirect branch assignments

Verilog-AMS HDL allows descriptions which implicitly specify a branch voltage or
current in fixed-point form. The branch voltage or current is assigned a value by an
expression which uses the branch voltage or current. This occurred in the simple implicit
diode model in 5.1.3.4, wherga,c)  appeared on both sides of the contribution
operator.

Examples:

Consider the model for an ideapamp In this model, the output is driven to the voltage
which results in the input voltage being zerh The constitutive equation is

V(in) ==
which can be formulated as
V(out) <+ V(out) + V(in);

This statement defines the output of tpampto be a controlled voltage source by
assigning tov(out) and defines the input to be high impedance by only probing the input
voltage. The desired behavior results because the description is formulated in such a way
it reduces to/(in) =0 . This approach does not result in the right tolerances being
applied to the equationdéit andin have different disciplines.

Verilog-AMS HDL includes a special syntax to use in this situation. The above branch
contribution can be rewritten using direct branch assignment

V(out): V(in) ==0;
which reads “findv(out) soV(in) ==

This indicatesut is driven with a voltage source and the source voltage needs to satisfy
the given equation. Any branches referenced in the equation are only probed and not
driven. In particulary(iny acts as a voltage probe.
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Examples:
A complete description of an idegphampis:

module opamp(out, pin, nin);
electrical out, pin, nin;

analog
V(out):V(pin,nin) ==0;

endmodule

Syntax 5-4 shows the syntax for an indirect assignment statement.

analog_indirect_branch_assignment ::=
bvalue: nexpr==analog_expressian

nexpr ::=
bvalue
| pvalue

| ddt ( bvalue | pvalug

| idt ( bvalue | pvalug

Syntax 5-4—Syntax for indirect branch assignment

5.3.2.1 Multiple indirect assignments

For multiple indirect assignments statements, the targets frequently can be paired with
any equation.

Examples:
The following ordinary differential equation,

dx

a = f(X1 y’ Z)
dy _
at a(x y, 2
dz _
G =h(x ¥ 2
can be written as
V(x):  ddt(V(x)) ==f(V(x), V(y), V(2));
V(y): ddt(V(y)) ==9(V(x), V(y), V(2));
V(z):  ddt(V(z)) ==h(V(x), V(y), V(2));
or
V(y): ddt(V(x)) ==f(V(x), V(y), V(2));
V(z):  ddt(V(y)) ==9(V(x), V(y), V(2));
V(x):  ddt(V(z)) ==h(V(x), V(y), V(2));
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or
V(2):  ddi(V(x)  ==1(V(x), V(y), V(2));
V): ddi(V(y))  ==9(V(x), V(y), V(2));
V(y):  ddi(V(z))  ==h(V(x), V(y), V(2));

without affecting the results.

5.3.2.2 Indirect assignment and contribution
Indirect assignment is incompatible with contribution. Once a value is indirectly
assigned to a branch, it cannot be contributed to using the branch contribution operator
<+,
It is illegal to indirectly assign to an external branch or contribute to an external branch
which has an indirect branch assignment.
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Section 6
Analog behavior

The description of an analog behavior consists of setting up contributions (see 5.3) for
various signals under certain procedural or timing control. This section describes an
analog procedural block, procedural control statements, and analog timing control
functions.

6.1  Analog procedural block

Discrete time behavioral definitions withiBEE 1364-1995 Verilog HDlre

encapsulated within theitial andalwaysprocedural blocks. Evelyitial andalwaysblock

starts a separate concurrent activity flow. For continuous time simulation, the behavioral
description is encapsulated within the analog procedural block. Verilog-AMS HDL
allows one analog procedural block in a module definition.

The analog procedural block defines the behavior as a procedural sequence of
statements. The conditional and looping constructs are available for defining behaviors
within the analog procedural block. Because the description is a continuous-time
behavioral description, no blocking event control statements (such as blocking delays,
events, or waits) are supported.

The statements allowed within the analog block are separated into two categories,
analog_statemest@andnon analog) statemesitTheanalog_statemeasfare restricted to

the analog block whereas t{reon analog) statementan appear anywhere within the
module scope, including an analog block. The distinction is based upon the visibility and
usage of these behavioral constructs within a Verilog-AMS HDL module definition.

The syntax for analog block is shown in Syntax 6-1.
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analog_block ::=
analoganalog_statement

analog_statement ::=
analog_seq_block
| analog_branch_contribution
| analog_indirect_branch_assignment
| analog_procedural_assignment
| analog_conditional_statement
| analog_for_statement
| analog_case_statement
| analog_event_controlled_statement
| system_task_enable
| statement

statement ::=
| seq_block
| procedural_assignment
| conditional_statement
| loop_statement
| case_statement

Syntax 6-1—Syntax for analog procedural block

The statements within the analog block are used to define the continuous-time behavior
of the module. The behavioral description is a mathematical mapping of input signals to
output signals. The mapping is done with contribution statements using the form

signal <+ analog_expression ;

or by an indirect branch assignment. Tdrealog_expressiocan be any combination of
linear, nonlinear, or differential expressions of module signals, constants, and
parameters (see Section 5).

All analog blocks contained in various modules in a design are considered to be
executing concurrent with respect to each other.

6.2 Block statements

Theblock statementslso referred to asequential blocksare a means of grouping two

or more statements together so they act syntactically like a single statement. The block
statements are delimited by the keywobdgin andend. The procedural statements in a
block statement are executed sequentially in the given order.

6.2.1 Sequential blocks

The syntax for sequential blocks is shown in Syntax 6-2.
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seq_block ::=
begin|[ : block identifier { block_item_declaration } ]
{ statement }
end

analog_seq_block ::=
begin|[ : block identifier { block_item_declaration } ]
{ analog_statement }
end

block_item_declaration ::=
parameter_declaration
| integer_declaration
| real_declaration

Syntax 6-2—Syntax for the sequential blocks

An analog_seq_blocls aseq_blockvhich encapsulates one or more
analog_statemest

6.2.2 Block names

A sequential block can be named by addinglack_identifierafter the keyworadegin.
The naming of a block allows local variables to be declared for that block.

All local variables are static—that is, a unique location exists for all variables and
leaving or entering blocks do not affect the values stored in them.

The block names give a means of uniquely identifying all variables at any simulation
time.

6.3  Procedural assignments
In Verilog-AMS HDL, branch contributions and indirect branch assignments are used

for modifying signals. Procedural assignments are used for modifying integer and real
variables. The syntax for procedural assignments shown in Syntax 6-3.
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procedural_assignment ::=
lexpr= expression

analog_procedural_assignment ::=
lexpr = analog_expressiagn

lexpr ::=
integer identifier
| real_identifier
| array_element

array_element ::=
integer identifier [ expression
| real_identifier[ expression

Syntax 6-3—Syntax for procedural assignments

The left-hand side of a procedural assignment shall be an integer or real identifier or an
element of an integer or real array. The right-hand side expression can be any arbitrary
expression constituted from legal operands and operators as described in Section 4.

An analog_procedural_assignmeistdefined as a procedural assignment whose right-
hand sideexpressions ananalog_expressiomvolving analog operators.

6.4  Conditional statement

Theconditional statemer{if-elsestatement) is used to determine whether a statement is
executed or not. The syntax of a conditional statement is shown in Syntax 6-4.

conditional_statement ::=
if ( expressior) true_statement_or_null
[ elsefalse statement_or_null]

Syntax 6-4—Syntax of conditional statement

If the expression evaluatesToue (that is, has a non-zero value), thee_statement
shall be executed. If it evaluateskalse(has a zero valu®}), thetrue_statemerghall
not be executed. If there is arefalse_statemerand expression Balsg the
false_statemerghall be executed.

Since the numeric value of thfeexpression is tested for being ze0), (certain shortcuts
are possible (see 4.1).

6.4.1 Examples

6-4

For example, the following two statements express the same logic:
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if (expression)

if (expression !=0)
Because the else part of ifselseis optional, there can be confusion wherelagis
omitted from a nesteill) sequence. This is resolved by always associatinglteeith
the closest previoug) which lacks arelse

In the example below, thesegoes with the innef(), as shown by indentation.

if (index > 0)
if (i>])
result = i
else [/l else applies to preceding if
result = j;
If that association is not desiredpagin-endhall be used to force the proper association,
as shown below.

if (index > 0) begin
if (i >])
result = i

end

elseresult = j;
Nesting ofif statements (known as #relse-if construct) is the most general way of
writing a multi-way decision. The expressions are evaluated in order; if any expression
is Trug the statement associated with it shall be executed and this action shall terminate
the whole chain. Each statement is either a single statement or a sequential block of
statements.

6.4.2 Analog conditional statements

Analog conditional statements are syntactically equivalent to conditional statements
except thelrueand/orFalsestatement aranalog_statemesf as shown in Syntax 6-5.
The conditional expression shall bgenvar_expressioriSee the discussion in 4.4.1
regarding restrictions on the usage of analog operators.)

analog_conditional_statement ::=
if ( genvar_expressiontrue_analog_statement_or_null
[ elsefalse_analog_statement_or_nul]

Syntax 6-5—Syntax of analog conditional statement

6.5 Case statement

Thecase statemen$ a multi-way decision statement which tests if an expression
matches one of a number of other expressions, and if so, branches accordingly. The case
statement has the syntax shown in Syntax 6-6.
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case_statement ::=
case (expressior) case_item { case_iteméndcase
| casex (expression) case_item { case_itemgndcase
| casez (expressior) case_item { case_iteméndcase
case_item ::=
expression { expression } statement_or_null
| default [ : ] statement_or_null

Syntax 6-6—Syntax for case statement

Thedefault-statemernis optional. Use of multiple default statements in one case
statement is illegal.

Thecase-expressioand thecase_itenexpression can be computed at runtime; neither
expression is required to be a constant expression.

Thecase_itenexpressions are evaluated and compared in the exact order in which they
are given. During this linear search, if one of¢hse_itenexpressions matches the
case-expressiogiven in parentheses, then the statement associated wittetbatitem

is executed. If all comparisons fail, and the default item is given, then the default item
statement is executed; otherwise none otHee itenstatements are executed.

Thecasexand thecasezversions of theasestatement are described in 8.3.2 HEE
1364-1995 Verilog HDL

6.5.1 Analog case statements

6-6

Analog case statements are syntactically equivalent to case statements except the case
item statements can also dealog_statemesfas shown in Syntax 6-7. The conditional
expression shall begenvarexpression. See the discussion in 4.4.1 regarding restrictions

on the usage of analog operators.

analog_case_statement ::=
case (genvar_expressignanalog_case_item { analog_case_iteen§icase
| casex (genvar_expressionanalog_case_item { analog_case_iteanicase
| casez (genvar_expressignanalog_case_item { analog_case_iteen$icase

analog_case_item ::=
genvar_expression,{genvar_expression:}analog_statement_or_null
| default [ : ] analog_statement_or_null

Syntax 6-7—Syntax for analog case statement

Thecasexand thecasezversions of the case statement are described in 8.31EBRd
1364-1995 Verilog HDL
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6.5.2 Constant expression in case statement

A constantexpression can be used focaseexpression. The value of tkenstant
expression shall be compared agagaste itenexpressions.

Examples:
The following example demonstrates the usage by modeling a 3-bit priority encoder.

integer [2:0] encode ;

case(1)

encode[2] : $display(“Select Line 27) ;

encode[1] : $display(“Select Line 17) ;

encode[0] : $display(“Select Line 0”) ;

default $strobg“Error: One of the bits expected ON”);
endcase

Thecaseexpression here is@nstantexpressionil) . Thecase_itera are expressions
(array elements) and are compared against the constant expression for a match.

6.6 Looping statements

There are several types of looping statemenpgat(), while(), andfor(). These statements
provide a means of controlling the execution of a statement@grang ), or more
times.

Thefor() looping statements can be used to describe analog behaviors using analog
operators.

Analog operators are not allowed in thpeat(), while(), andfor() looping statements.
They are allowed imanalog_forandgeneratestatements.

6.6.1 Repeat and while statements

repeat() executes a statement a fixed number of times. Evaluation of the expression
decides how many times a statement is executed.

while() executes a statement until an expression becbalsa If the expression starts
out False the statement is not executed at all.

Therepeatandwhile expressions shall be evaluated once before the execution of any
statement in order to determine the number of times, if any, the statements are executed.
The syntax forepeat() andwhile() statements is shown in Syntax 6-8.
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repeat_statement ::=
repeat (expressior) statement

while_statement ::=
while (. expressior) statement

Syntax 6-8—Syntax for repeat and while statements

6.6.2 For statements

6-8

Thefor() statement is a looping construct which controls execution of its associated
statement(s) using an index variable. If the associated statemergnsimgy_statement
then the control mechanism shall consisg@fivar_assignmesand
genvar_expressianto adhere to the restrictions associated with the use of analog
operators. If the associated statements aranatog_statemesf thefor() statement can
use procedural assignments and expressions, inclgdimgar_expressi@n

Thefor() statement controls execution of its associated statement(s) by a three-step
process:

1. it executes an assignment normally used to initialize an integer which controls
the number of loops executed.

2. itevaluates an expression—if the result is zejpthefor-loop exits; otherwise,
thefor-loop executes its associated statement(s) and then performs Step 3.

3. it executes an assignment normally used to modify the value of the loop-control
variable and repeats Step 2.

Syntax 6-9 shows the syntax for the two forms offéhg statements.

for_statement ::=
for ( procedural_assignmenexpression
procedural_assignmepstatement

analog_for_statement ::=
for ( genvar_assignmengenvar_expressian
genvar_assignmefianalog_statement

Syntax 6-9—Syntax for the for statements

analog_forstatements are syntactically equivalenbt@ statements except the

associated statement is also an analog statement (which contains analog operations). The

analog statement puts the additional restriction upon the procedural assignment and
conditional expressions of tlier-loop to be statically evaluatable. Verilog-AMS HDL
provides genvar-derived expressions for this purpose.
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Examples:

module genvarexp(out, dt);
parameter integerwidth = 1;
output out;
input dt[1:width];
electrical out;
electrical dt[1:width];
genvark;
real tmp;

analog begin
tmp = 0.0;
for (k= 1; k <= width; k =k + 1) begin
tmp = tmp + V(dt[K]);
V(out) <+ ddt(V(dt[K]));
end
end
endmodule

See the discussion in 4.4.1 regarding other restrictions on the usage of analog operators.

6.7 Events

The analog behavior of a component can be controlled esemtseventshave the
following characteristics:

» events have no time duration

* events can be triggered and detected in different parts of the behavioral model
» events do not block the execution of an analog block

* events can be detected using ¢heperator

» events do not hold any data

» there can be both digital and analog events

There are two types of analog evemgigbal event$6.7.4) andnonitored event&.7.5).
Null arguments are not allowed in analog events.

6.7.1 Event detection

Analog event detection consist of an event expression followed by a procedural
statement, as shown in Syntax 6-10.
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event_control_statement ::=
event_control statement_or_null

event_control ::=
@ event identifier
| @ (event expressior)

analog_eventexpression ::=
global_event
| event_function
| digital_expression
| event_identifier
| posedgdaligital_expression
| negedgeligital_expression
| event_expressiaor event_expression

digital_eventexpression ::=
digital_expression
| event identifier
| posedgedigital_expression
| negedgdigital_expression
| event_function
| digital_event_expressioor digital_event_expression

Syntax 6-10—Syntax for event detection

The procedural statement following the event expression is executed whenever the event
described by the expression changes. The analog event detection is non-blocking,
meaning the execution of the procedural statement is skipped unless the analog event has
occurred. The event expression consists of one or more signal names, global events, or
monitored events separated by sheperator.

The parenthesis around the event expression are required.

6.7.2 Event OR operator

6-10

The “ORing” of events indicates the occurrence of any one of the events specified shall
trigger the execution of the procedural statement following the event. The keywsrd
used as an eveprRoperator.

Examples:

analog begin
@(initial_step or crosgV(smpl)-2.5,+1)) begin
vout = (V(in) > 2.5);
end
V(out) <+ vout;
end

Here,initial_step is a global event andoss()returns a monitored event. The variatdet
is set to zeroo| or one {) whenever either event occurs.
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Event triggered statements

The following two restrictions apply to statements which are evaluated as a result of an
event being triggered.

» The statement can not have expressions which use analog operators. This
statement can not maintain its internal state since it is only executed
intermittently when the corresponding event is triggered.

* The statement can not be a contribution statement because it can generate
discontinuity in analog signals.

Global events

Global events are generated by a simulator at various stages of simulation. The user
model can not generate these events. These events are detected by using the name of the
global event in an event expression with ¢heperator.

Global events are pre-defined in Verilog-AMS HDL. These events can not be redefined
in a model.

The pre-defined global events are shown in Syntax 6-11.

global_event ::=
initial_step [ ( analysis_lis) ]
| final_step [ ( analysis_lis) ]

analysis_list ::=

analysis_name {analysis_name }
analysis_name ::=

" analysis identifier”

Syntax 6-11—Global events

initial_step andfinal_stepgenerate global events on the first and the last pointin an analysis
respectively. They are useful when performing actions which should only occur at the
beginning or the end of an analysis. Both global events can take an optional argument,
consisting of an analysis list for the active global event.

Examples:
For example,

@( initial_step(“ac”, “dc”)) /I active for dc and ac only

@( initial_step(“tran™)) /I active for transient only
Table 6-1 describes the return valuenail_step andfinal_step  for standard
analysis types. Each column shows the return-on-event statusi)@eprésent¥es
and zero@) representdlo. A Verilog-AMS HDL simulator can use any or all of these
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typical analysis types. Additional analysis names can also be used as necessary for
specific implementations. (See 4.5.1 for further details.)

Table 6-1—Return Values for initial_step and final_step

Analysis® Dg(gp OE’RpAinN OPApCJ:. pN o'\Fl>O|o|1S EpN
initial_step() 1 1 0O 1 0O 1 0O
initial_step("ac") 0 0 0 O 1 00 0 O
initial_step("noise") 0 0 0 O 0 0 O 1 0O
initial_step(“tran") 0 1 00 0 0O 0 0O
initial_step("dc") 1 0 0 O 0 0O 0 0 O
initial_stepnknown 0 0 0 O 0 0 O 0 0 O
final_step() 0 0 0 1 0 0 1 0 0 1
final_step("ac") 0 0 0 O 0 0 1 0 0O
final_step("noise”) 0 0 0O 0 0 O 0 0 1
final_step("tran") 0 0 01 0 0O 0 0O
final_step("dc") 1 0 0 O 0 0 O 0 0O
final_stepgnknown 1 0 0 O 0 0 O 0 0 O

a. pX designates analysis podt X = 1 to N; OP designates the Oper-
ating Point.
Examples:

The following example measures the bit-error rate of a signal and prints the result at the
end of the simulation.

module bitErrorRate (in, ref) ;
input in, ref;
electrical in, ref ;
parameter real period=1, thresh=0.5 ;
integer bits, errors ;

analog begin
@( initial_step) begin
bits =0 ;
errors =0 ;
end
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@( timer (O, period)) begin
if ((V(in) > thresh) != (V(ref) > thresh))
errors = errors + 1 ;
bits = bits + 1 ;
end

@( final_step)
$strobg("bit error rate = %f%%", 100.0 * errors / bits ) ;
end
endmodule

initial_step andfinal_step take a list of quoted strings as optional arguments. The strings
are compared to the name of the analysis being run. If any string matches the name of

the current analysis name, the simulator generates an event on the first point and the last
point of that particular analysis, respectively.

If no analysis list is specified, theitial_step global event is active during the solution of
the first point (or initial DC analysis) of every analysis. Tila_step global event,
without an analysis list, is only active during the solution of the last point of every
analyses.

Monitored events

Monitored events are detected using event functions (see Syntax 6-12) wdth the
operator. The triggering of a monitored event is implicit due to change in signals,
simulation time, or other runtime conditions.

event_function ::=
cross_function
| timer_function

Syntax 6-12—Monitored events

cross function

Thecross() function is used for generating a monitored analog event to detect threshold
crossings in analog signals when the expression crosse®yarohle specified
direction. In additiongross() controls the timestep to accurately resolve the crossing.

The general form is
cross (expr [ ,dir [ , time_tol [ ,expr_tol]1] );

whereexpris required, andir, time_tol andexpr_tolare optional. All arguments are
real expressions, excelit (which is an integer expression). If the tolerances are not
defined, then the tool (e.g., the simulator) sets them. If either or both tolerances are
defined, then the direction shall also be defined.

The direction indicator can only evaluatedn -1, or0. If it is set too or is not specified,
the event and timestep control occur on both positive and negative crossings of the
signal. Ifdir is+1 (or-1), the event and timestep control only occur on rising edge
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(falling edge) transitions of the signal. For any other transitions of the signal;ddug)
function does not generate an event.

expr_tolandtime_tolare defined as shown in Figure 6-1. They represent the maximum
allowable error between the estimated crossing point and the true crossing point.

Solution .
Points ¢ expression_tol

-
time_tol

Figure 6-1 Relationship between time tolerance in expression tolerance

If expr_tolis definedtime_tolshall also be defined and both tolerances shall be satisfied
at the crossing.

Examples:

The following description of a sample-and-hold illustrates howerdsa() function can
be used.

module sh (in, out, smpl) ;
output out ;
input in, smpl ;
electrical in, out, smpl ;
real state ;
analog begin
@(crosgV(smpl) - 2.5, +1))
state = V(in) ;
V(out) <+ transition(state, 0, 10n) ;
end
endmodule
Thecross() function maintains its internal state and has the same restrictions as analog
operators. In particular, it shall not be used insidé(@rtase() casex() or casez(statement
unless the conditional expression is a genvar expression. In adetdis,is not
allowed in theepeat() andwhile() iteration statements. It is allowed in thealog_for
statements.

6.7.5.2 timer function
Thetimer() function is used to generate analog events to detect specific points in time.
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The general form is
timer ( start_time [ , period [ , time_tol ] ] )

wherestart_timeis requiredperiodandtime_tolare optional arguments. All arguments
are real expressions.

Thetimer() function schedules an event which occurs at an absolutediare {img.
The analog simulator places a time point witininetol of an event. At that time point,
the event evaluates Toue

If time_tolis not specified, the default time point is at, or just beyond, the time of the
event. If theperiodis specified as greater than zewd (he timer function schedules
subsequent events at multiplegpefiod

Examples:

A pseudo-random bit stream generator is an example how the timer function can be used.

module bitStream (out) ;
output out ;
electrical out ;
parameter period = 1.0 ;
integer x ;

analog begin
@( timer (0, period))
x= $random+ 0.5;
V(out) <+ transition( x, 0.0, period/100.0) ;
end
endmodule
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Section 7

Hierarchical structures

Verilog-AMS HDL supports a hierarchical hardware description by allowing modules to
be embedded within other modules. Higher-level modules create instances of lower-
level modules and communicate with them through input, output, and bidirectional ports.

Verilog-AMS HDL provides a mechanism to customize the behavior of embedded
modules using parameters. The embedded module parameter default value can be
modified through a higher-level module’s parameter override or a hierarchy independent
defparam statement.

To describe a hierarchy of modules, the user provides textual definitions of various
modules. Each module definition stands alone; the definitions are not nested. Statements
within the module definitions create instances of other modules, thus describing the
hierarchy.

7.1 Modules

A module definition is enclosed between the keywardsule andendmodulg as shown

in Syntax 7-1. The identifier following the keywardule is the name of the module

being defined. The optional list of ports specify an ordered list of the module’s ports. The
order used can be significant when instantiating the module (see 7.1.2). The identifiers
inthis list shall be declared input , output , Orinout declaration statements within the
module definition. The module items define what constitutes a module and include many
different types of declarations and definitions. A module definition can have at most one
analog block.

The keywordnacromodule can be used interchangeably with the keywasdule to
define a module. An implementation can choose to treat module definitions beginning
with themacromodule keyword differently.
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module_declaration ::=
module_keywordanodule identifier [ digital_list_of ports ];
[ module_items ]
endmodule

module_keyword ::=
module
| macromodule

list_of ports ::=
(port{, port})

port ::=
port_expression
| . port_identifier ( [ port_expression)

port_expression ::=
port_identifier
| port_identifier [ constant_expressidn
| port_identifier[ constant_rangpe

constant_range ::=
msb constant_expressiarisb_constant_expression

module_items ::=
{ module_item }
| analog_block

module_item ::=

module_item_declaration

| parameter_override

| module_instantiation

| digital_continuous_assignment

| digital_gate_instantiation

| digital_udp_instantiation

| digital_specify_block

| digital_initial_construct

| digital_always_construct

Syntax 7-1—Syntax for module

The definitions fomodule_item_declaratioandparameter_overridare shown in
Syntax 7-2.

The definition ofmodule_instantiatioms shown in Syntax 7-3.
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module_item_declaration ::=
parameter_declaration
| digital_input_declaration
| digital_output_declaration
| digital_inout_declaration
| ground declaration
| integer_declaration
| real_declaration
| net_discipline_declaration
| genvar_declaration
| branch_declaration
| analog_function_declaration
| digital_function_declaration
| digital_net_declaration
| dgital_reg_declaration
| digital_time_declaration
| dgital_realtime_declaration
| digital_event_declaration
| digital_task_declaration

parameter_override ::=
defparam list_of param_assignments

Syntax 7-2—Syntax for module_item_declaration and parameter_override

7.1.1 Top-level modules

Top-level moduleare modules which are included in the source text but are not
instantiated, as described in 7.1.2.

7.1.2 Module instantiation

Instantiation allows one module to incorporate a copy of another module into itself.
Module definitions do not nest. That is, one module definition does not contain the text
of another module definition within itsodule-endmodule keyword pair. A module
definition nests another module imgtantiatingit.

Syntax 7-3 shows the syntax for specifying instantiations of modules.
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7-4

module_instantiation ::=
module identifier [ parameter_value_assignment ]
instance_list

parameter_value_assignment ::=
# (ordered_param_override_ljst
| # (named_param_override_ljst

ordered_param_override_list ::=
expression { expression }

named_param_override_list ::=
named_param_override framed_param_override }

named_param_override ::=
. parameteridentifier ( constant_expressign

instance_list ::=
module_instance {module_instance }

module_instance ::=
name_of_instancé [ list_of_module_connections)]

name_of _instance ::=
module_instancedentifier [ range ]

list_of module_connections ::=
ordered_port_connection,rdered_port_connection }
| named_port_connection fiamed_port_connection }

ordered_port_connection ::=
[ expression ]

named_port_connection ::=
. port_identifier( [ expression )
range ::=
[ constant_expressiarconstant_expressign

Syntax 7-3—Syntax for module instantiation

The following concepts apply:

* The instantiations of modules can contain a range specification. This allows an
array of instances to be created.

* One or more module instances (identical copies of a module definition) can be
specified in a single module instantiation statement.

* The list of module connections can be provided only for modules defined with
ports. The parentheses, however, are always required. When a list of module
connections is given, the first element in the list connects to the first port, the
second element to the second port, and so on. See 7.3 for a more detailed
discussion of ports and port connection rules.
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* A connection can be a simple reference to a net identifier or a sub-range of a
vector net.

Examples:

The example below illustrates a comparator and an integrator (lower-level modules)
which are instantiated in sigma-delta A/D converter module (the higher-level module).

module comparator(cout, inp, inm);
output cout;

input inp, inm;

ground gnd;

electrical cout, inp, inm;

parameter realtd = 1n, tr = 1n, tf = 1n;

real vcout;
analog begin
@(crosgV(inp) - V(inm), 0))
veout = ((V(inp) > V(inm)) ?21:0);
V(vcout) <+ transition(vcout, td, tr, tf);
end
endmodule

module integrator(out, in);
output out;

input in;

electrical in, out;
parameter real gain = 1.0;
parameter realic = 0.0;

analog begin

V(out) <+ gain*idt(V(in), ic);
end
endmodule

module sigmadelta(out, ref, in);
output out;
input ref, in;

comparator C1(.cout(aa0), .inp(in), .inm(aa2));
integrator #(1.0) I1(.out(aal), .in(aa0));

comparator C2(out, aal, gnd);

d2a #(.width(1)) D1(aa2, ref, out);// A D/A converter

endmodule

The comparator instan@a and the integrator instanee in Figure 7-1 use named port
connections, whereas the comparator instara@nd thed2a (not described here)
instanceDp1 use ordered port connections. Note the integrator instanogerrides gain
parameter positionally, whereas tdea instanced1 overrides width parameter by named
association.
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in aa0 aal out
C1 11 C2

|7 aa2 ground
D1

ref

Figure 7-1 Comparator and integrator modules

Overriding module parameter values

When one module instantiates another module, it can alter the values of any parameters
declared within the instantiated module. There are two ways to alter parameter values:
thedefparanmstatement, which allows assignment to parameters using their hierarchical
names, and theodule instance parameter value assignmehich allows values to be
assigned inline during module instantiation. If a defparam assignment conflicts with a
module instance parameter, the parameter in the module shall take the value specified by
the defparam.

The module instance parameter value assignment comes in two forms, by ordered list or
by nameThe first form ismodule instance parameter value assignment by oxalleich

allows values to be assigned in-line during module instantiation in the order of their
declaration. The second formnsodule instance parameter value assignment by name
which allows values to be assigned in-line during module instantiation by explicitly
associating parameter names with the overriding values.

Defparam statement

Using thedefparam statemejparameter values can be changed in any module instance
throughout the design using the hierarchical name of the parameter. See 7.4 for details
about hierarchical names.

The expression on the right-hand side defparamassignments shall be a constant
expression involving only constant numbers and references to parameters. The
referenced parameters (on the right-hand sidedefaram shall be declared in the
same module as tlikefparamstatement.

Thedefparamstatement is particularly useful for grouping all of the parameter value
override assignments together in one module. Its syntax is shown in Syntax 7-4.
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parameter_override ::=
defparam list_of defparam_assignments

list_of defparam_assignments ::=
defparam_assign
| list_of defparam_assignmentdefparam_assign

defparam_assign ::=
parameteridentifier = constant_expression
| parameter_arrayidentifier [ range  constant_param_arrayinit

constant_param_arrayinit ::=
{ param_arrayinit_element_list

param_arrayinit_element_list ::=
param_arrayinit_element
| param_arrayinit_element_lisparam_arrayinit_element

param_arrayinit_element ::=
constant_expression
| { replicator_constant_expressidiconstant_expressidh

Version 2.0

Syntax 7-4—Syntax for defparam

Examples:

module tgate;

electrical io1,i02,control,control_bar;
mosn ml (iol, io2, control);

mosp M2 (iol, io2, control_bar);
endmodule

module mosp (source,drain,gate);
inout source, drain, gate;
electrical source, drain, gate;
parameter gate_length = 0.3e-6,
gate_width = 4.0e-6;

spice_pmos #(.I(gate_length),.w(gate_width)) p(gate,source,drain);

endmodule

module mosn (source,drain,gate);
inout source, drain, gate;
electrical source, drain, gate;
parameter gate_length = 0.3e-6,
gate_width = 4.0e-6;

spice_nmos #(.I(gate_length),.w(gate_width)) n(gate,source,drain);

endmodule
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module annotate;
defparam
tgate.ml.gate_width = 5e-6,
tgate.m2.gate_width = 10e-6;
endmodule

Module instance parameter value assignment by order

The order of the assignments in module instance parameter value assignment shall
follow the order of declaration of the parameters within the module. It is not necessary
to assign values to all of the parameters within a module when using this method.
However, the left-most parameter assignment(s) can not be skipped. Therefore, to assign
values to a subset of the parameters declared within a module, the declarations of the
parameters which make up this subset shall precede the declarations of the remaining
(optional) parameters. An alternative is to assign values to all of the parameters, but use
the default value (the same value assigned in the declaration of the parameter within the
module definition) for those parameters which do not need new values.

Examples:

Consider the following example, where the parameters within module instediqe
are changed during instantiation.

module m;

electrical clk;
electrical out_a, in_a;
electrical out_b, in_b;

/I create an instance and set parameters
mosp #(2e-6,1e-6) weakp(out_a, in_a, clk);
/I create an instance leaving default values
mosp plainp(out_b, in_b, clk);

endmodule

Module instance parameter value assignment by name

Parameter assignment by name consists of explicitly linking the parameter name and it's
value. The name of the parameter shall be the name specified in the instantiated module.
It is not necessary to assign values to all the parameters within a module when using this
method. Only those parameters which are assigned new values need to be specified.

The parameter expression is optional so the instantiating module can document the
existance of a parameter without assigning anything to it. The parentheses are required
and in this case the parameter retains its default value. Once a parameter is assigned a
value, there shall not be another assignment to this parameter name.

Example:

In the following example of instantiating a voltage-controlled oscillator, the parameters
are specified on a named-association basis much as they are for ports.
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module n(lo_out, rf_in):
electrical lo_out, rf_in;

/[create an instance and set parameters
vco #(.centerFreq(5000), .convGain(1000)) vcol(lo_out, rf_in);

endmodule
Here, the name of the instantiated module isicol . ThecenterFreq parameter is
passed a value of 5000 and thevGain parameter is passed a value of 1000. The

positional assignment mechanism for ports assignst as the first portand_in  as
the second port akol .

7.2.4 Parameter dependence

A parameter (for examplgate_cap ) can be defined with an expression containing
another parameter (for exampdate_width ~ or gate_length ). Sincegate_cap
depends on the value géte_width andgate_length , a modification ofgate_width
orgate_length  changes the value géte_cap .

Examples:

In the following parameter declaration, an updatgagf width , whether by a
defparamstatement or in an instantiation statement for the module which defined these
parameters, automatically updages: cap .

parameter
gate_width = 0.3e-6,
gate_length = 4.0e-6,
gate_cap = gate_length * gate_width * ‘COX;

7.3 Ports

Ports provide a means of interconnecting instances of modules. For example, if a module
Ainstantiates modulB, the ports of module are associated with either the ports or the
internal nets of module.

7.3.1 Port association

The syntax for a port association is shown in Syntax 7-5.
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port ::=
port_expression
| . port_identifier ([ port_expression)]

port_expression ::=
port_identifier
| port_identifier[ constant_expressidn
| port_identifier[ constant_rangp

constant_range ::=
msb constant_expressiarisb_constant_expression

Syntax 7-5—Syntax for port

The port expression in the port definition can be one of the following:
* asimple net identifier
* ascalar member of a vector net or port declared within the module
* asub-range of a vector net or port declared within the module

The two types of module port definitions cannot be mixed; the ports of a particular
module definition shall all be defined by order or by name. The port expression is
optional because ports can be defined which do not connect to anything internal to the
module.

7.3.2 Port declarations

The type and direction of each port listed in the module definition’s list of ports are
declared in the body of the module.

7.3.2.1 Port type
The type of a portis declared by giving its discipline, as shown in Syntax 7-6. If the type

of a port is not declared, the port can only be used in a structural description. (It can be
passed to instances of modules, but cannot be accessed in a behavioral description.)

net_discipline_declaration ::=

discipline_identifier [ range ] list_net_identifieys
list_net_identifiers ::=

net_identifier { , net_identifier }

Syntax 7-6—Syntax for port type declarations
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Port direction

Each port listed in the list of ports for the module definition shall be declared in the body
of the module as anput, output,or inout (bidirectional ). This is in addition to any

other declaration for a particular port — for exampleed disciplinereg, or wire. The
syntax for port declarations is shown in Syntax 7-7.

input_declaration ::=
input [ range ] list_of port_identifiers

output_declaration ::=
output [ range ] list_of port_identifiers

inout_declaration ::=
inout [ range ] list_of port_identifiers

Syntax 7-7—Syntax for port direction declarations

A port can be declared in bothpart typedeclaration and port directiondeclaration. If
a port is declared asvactor, the range specification between the two declarations of a
port shall be identical.

Note: Implementations can limit the maximum number of ports in a module definition, but this shall be
a minimum of 256 ports per implementation.

7.3.3

Version 2.0

Real valued ports

Verilog-AMS HDL supports ports which are declared to be real-valued and have a
discrete-time discipline. This is done using the net tyal (definedin 3.5). There can
be a maximum of one driver of a real-valued net.

Examples:

module testbench(out, clk);
output out;
input clk;
real out;
wire clk;

always @(posedge clk) begin
out = out + $abstime
end

endmodule

module a2d(dout, in, clk);
output [1:8] dout;
input in, clk;
wreal in;
wire clk;
reg [1:8] dout;
real residue;
integer i;
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always @negedge clk) begin
residue = in;
for (i=8;i>=1;i=i-1)
if (residue > 0.5) begin
dout[i] = 1'b1;
residue = residue - 0.5;
end else begin
dout[i] = 1’bO0;
end
residue = residue*2,;
end
end
endmodule

Ports

begin

Real-valued port connections of busses and arrays are not supported.

Connecting module ports by ordered list

One way to connect the ports listed in a module instantiation with the ports defined by
the instantiated module is via an ordered list—that is, the ports listed for the module
instance shall be in the same order as the ports listed in the module definition.

Examples:

module adc4 (out, rem, in);

output [3:0] out ; output rem;
input in;

electrical [3:0] out;

electrical in, rem, rem_chain;

adc?2 hi2 (out[3:2], rem_chain, in) ;
adc? lo2 (out[1:0], rem, rem_chain) ;
endmodule

module adc2 (out, remainder, in);
output [1:0] out ;
input in;

electrical [1:0] out ;
electrical in, remainder, r;

adc hil (out[1], r, in) ;
adc lol (out[0], remainder, r) ;
endmodule

module adc (out, remainder, in);
output out, remainder;

input in;

electrical out, in, remainder;
integer d;
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analog begin
d=(V(in) >0.5) ;
V(out) <+ transition(d) ;
V(remainder) <+ 2.0 *V(in) ;
if (d)
V(remainder) <+-1.0;
end

endmodule

Connecting module ports by name

The second way to connect module ports consists of explicitly linking the two names for
each side of the connection — specify the name used in the module definition, followed
by the name used in the instantiating module. This compound name is then placed in the
list of module connections.

The following rules apply:

The name of port shall be the name specified in the module definition.
The name of port cannot be a bit select or a part select.

The port expression shall be the name used by the instantiating module and can
be one of the following:

a simple net identifier

a scalar member of a vector net or port declared within the module
a sub-range of a vector net or port declared within the module

a vector net formed as a result of the concatenation operator

The port expression is optional so the instantiating module can document the
existence of the port without connecting it to anything. The parentheses are
required.

The two types of module port connections can not be mixed; connections to the
ports of a particular module instance shall be all by order or all by name.

Examples:
module adc4 (out, rem, in);
input in;
output [3:0] out; output rem;

electrical [3:0] out;
electrical in, rem, rem_chain;

adc2 hi (.in(in), .out(out[3:2]), .remainder(rem_chain)) ;
adc2 lo (.in(rem_chain), .out(out[1:0]), .remainder(rem)) ;
endmodule
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module adc2 (out, in, remainder);

output [1:0] out; output remainder;
input in;

electrical [1:0] out;

electrical in, remainder, r;

adc hil (out[1], r, in) ; // adc is same as defined in 7.3.4

adc lol (out[0], remainder, r) ;

endmodule
Since these connections were made by port name, the order in which the connections
appear is irrelevant.

Port connection rules

All digital ports connected to a net shall be of compatible disciplines, as shall all analog
ports connected to a net. Ports of both analog and digital discipline may be connected to
a net provided the appropriate connect statements exist (see 8.7).

Matching size rule

A scalar port can be connected to a scalar net and a vector port can be connected to a
vector net or concatenated net expression of the matching width. In other words, the sizes
of the ports and net need to match.

Resolving discipline of undeclared interconnect signal

Verilog-AMS HDL supports undeclared interconnects between module instances when
describing hierarchical structures. That is, a signal appearing in the connection list of a
module instantiation need not appear in any port declaration or discipline declaration
(see 8.4).

Inheriting port natures

A net of continuous discipline shall have a potential nature and may have a flow nature.
Because of hierarchical connections, an analog node may be associated with a number
of analog nets, and thus, a number of continuous disciplines. The node shall be treated
as having @otential  abstolwith a value equal to the smallesistol of all the potential
natures of all the disciplines with which it is associated. The node shall be treated as
having aflow abstol with a value equal to the smallesstol of all the flow natures, if

any, of all the disciplines with which it is associated.

Hierarchical names

Every identifier in Verilog-AMS HDL has a uniqueerarchical path nameThe
hierarchy of modules and the definition of items such as named blocks within the

Verilog-AMS Language Reference Manual Version 2.0



Hierarchical names Hierarchical structures

modules define these names. The hierarchy of names can be viewed as a tree structure
where each module instance or a named begin-end block defines a new hierarchical
level, or as a scope (of a particular branch of the tree).

At the top of the name hierarchy are the names of modules where no instances have been
created. This is theot of the hierarchy. Inside any module, each module instance and
named begin-end block define a new branch of the hierarchy. Named blocks within
named blocks also create new branches.

Each net in the hierarchical name tree is treated as a separate scope with respect to
identifiers. A particular identifier can be declared only once in any scope.

Any named object can be referenced uniquely in its full form by concatenating the names
of the module instance or named blocks that contain it. The period characieuged

to separate names in the hierarchy. The complete path name to any object starts at a top-
level module. This path name can be used from any level in the description. The first
name in a path name can also be the top of a hierarchy which starts at the level where the
path is being used.

Examples:

module samplehold (in, cntrl, out );
input in, cntrl ;
output out ;
electrical in, cntrl, out ;
electrical store, sample ;
parameter real vthresh = 0.0 ;
parameter real cap = 10e-9 ;
amp opl (in, sample, sample);
amp op2 (store, out, out) ;

analog begin
I(store) <+cap* ddt(V(store));
if (V(cntrl) > vthresh)
V(store, sample) <+0;
else
I(store, sample) <+0;
end
endmodule

module amp(inp, inm, out) ;
input inp, inm ;

output out ;

electrical inp, inm, out ;
parameter real gain=1e5;

analog begin
V(out) <+ gain*V(inp,inm) ;
end
endmodule

Figure 7-2 illustrates the hierarchy implicit in the example code.
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samplehold

opl op2

Figure 7-2 Hierarchy in a model

Figure 7-3 is a list of the hierarchical forms of the names of all the object defined in the
example code.

samplehold in, cntrl, out, sample, store, vthresh, cap
opl opl.inp, opl.inm, opl.out, opl.gain
op2 op2.inp, op2.inm, op2.out, op2.gain

Figure 7-3 Hierarchical path names in a design

From within an analog block, itis possible to use hierarchical name referencing to access
signals on an external branch, but not external analog variables or parameters. When
accessing external branches, a branch signal (its potential or flow) can be monitored
(probed); for source branches, contributions can be made to the output signal.

Scope rules

The following elements define a new scope in Verilog-AMS HDL.:

modules

tasks

named blocks

functions
* analog functions

An identifier can be used to declare only one item within a scope. This meansi itisillegal
to declare two or more variables which have the same name or to give an instance the
same name as the name of the net connected to its output.

If an identifier is referenced directly (without a hierarchical path) within a named block,

it shall be declared either locally within the named block, within a module, or within a
named block which is higher in the same branch of the name tree containing the named
block. If it is declared locally, the local item shall be used; if not, the search shall
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continue upward until an item by that name is found or until a module boundary is
encountered. The search can cross named block boundaries, but not module boundaries.

Note: Because of the upward searching process, path names which are not strictly on a downward path
can be used.

Version 2.0 Verilog-AMS Language Reference Manual 7-17



Hierarchical structures Scope rules

7-18 Verilog-AMS Language Reference Manual Version 2.0



Introduction Mixed-signal

Section 8
Mixed-signal

8.1 Introduction

With the mixed-use of digital and analog simulators, a common terminology is needed.
This section provides the core terminology used in this LRM and highlights the behavior
of the mixed-signal capabilities of Verilog-AMS HDL.

Verilog-AMS HDL provides the ability to accurately model analog, digital, and mixed-
signal blocksMixed-signal blockgrovide the ability to access data and be controlled by
events from the other domain. In addition to providing mixed-signal interaction directly
through behavioral descriptions, Verilog-AMS HDL also provides a mechanism for the
mixed-signal interaction between modules.

Verilog-AMS HDL is a hierarchical language which enables top-down design of mixed-
signal systems. Connect modules are used in the language to resolve the mixed-signal
interaction between modules. These modules can be manually inserted (by the user) or
automatically inserted (by the simulator) based on rules provided by the user.

Connect rules and the discipline of the mixed signals can be used to control auto-
insertion throughout the hierarchy. Prior to insertion, all net segments of a mixed-signal
shall first be assigned a discipline. This is commonly needed for interconnect, which
often does not have a discipline declared for it. Once a discipline has been assigned
(usually through use of a discipline resolution algorithm), connect modules shall be
inserted based on the specified connect r@desnect rulesontrol which connect
modules are used and where are they inserted.

Connect moduleare a special form of a mixed-signal module which provide significant
power in accurately modeling the interfaces between analog and digital blocks. They
help ensure the drivers and receivers of a connect module are correctly handled so the
simulation results are not impacted.

This section also details a feature which allows analog to accurately model the effects
the digital receivers for mixed signals containing both drivers and receivers. In addition,
special functions provide access to driver values so a more accurate connect module can
be created.

The following subsections define these capabilities in more detalil.
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8.2 Fundamentals

The most important feature of Verilog-AMS HDL is it puts capabilities of both analog
and digital modeling into a single language. This section describes how the continuous
(analog) and discrete (digital) domains interact together, as well as the mixed-signal
specific features of the language.

8.2.1 Domains

The domain of a value refers to characteristics of the computational method used to
calculate it. In Verilog-AMS HDL, a variable is calculated either incivetinuous
(analog)domainor thediscrete(digital) domainevery time. The potentials and flows
described in natures are calculated in the continuous domain, while register contents and
the states of gate primitives are calculated in the discrete domain. The values of real and
integer variables can be calculated in either the continuous or discrete domain depending
on how their values are assigned.

Values calculated in the discrete domain change value instantaneously and only at
integer multiples of a minimum resolvable time. For this reason, the derivative with
respect to time of a digital value is always zeod. ¥/alues calculated in the continuous

domain, on the other hand, are continuously varying.

8.2.2 Contexts

Statements in a Verilog-AMS HDL module description can appear in the body of an
analog block, in the body of anitial or alwaysblock, or outside of any block (in the body

of the module itself). Those statements which appear in the body of an analog block are
said to be in theontinuouganalog)contexf all others are said to be in tdiscrete

(digital) context A given variable can be assigned values only in one context or the other,
but not in both. The domain of a variable is that of the context from which its value is
assigned.

8.2.3 Nets, nodes, ports, and signals

In Verilog-AMS HDL, hierarchical structures are created when higher-level modules
create instances of lower level modules and communicate with them through input,
output, and bidirectional ports. port represents the physical connection between an
expression in the instantiating or parent module and an expression in the instantiated or
child module. The expressions involved are referred teeas although they can include
registers, variables, and nets of both continuous and discrete disciplines. A port of an
instantiated module has two nets, the upper connecip@i€onn ) whichis a netin the
instantiating module and the lower connectigiiLoConn ) which is a net in the
instantiated module, as shown in Figure 8-1. JgieoConn andvpiHiConn
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connections to a port are frequently referred to afotineal andactual connectios
respectively.

Signalout := NetTop.out Module Top

p o
NetA.a_out Module A

NetB.b_out Hout

+
+ NetC.b_out a out
+ NetD.d_out =
- — b _out
Module D \
d_ou ’7
Module(D— c_out \ vpiHiConn:

Port I

O

| vpiLoConn
|

Figure 8-1 Signal “out” hierarchy of net segments

A signalis a hierarchical collection of nets which, because of port connections, are
contiguous. If all the nets which make up a signal are in the discrete domain, the signal
is adigital signal If all the nets which make up a signal are in the continuous domain,
the signal is amnalog signal A signal which consists of nets from both domains is
called amixed-signal

Similarly, a port whose connections are both analog anatog port a port whose
connections are both digital igdayital port, and a port whose connections are analog
and digital is anixed port

If a signal is analog or mixed, then it is associated with a node (see 3.4), while a purely
digital signal is not associated with a node. Regardless of the number of analog nets in
an analog or mixed-signal or how the analog nets in a mixed-signal are interspersed with
digital nets, the analog portion of an analog or mixed-signal is represented by a single
node. This guarantees a mixed or analog signal has only one value which represents its
potential with respect to the global reference voltageund.

Mixed-signal and net disciplines

One job of the discipline of a continuous net is to specify the tolerabsto] for the
potential of the associated node. A mixed-signal can have a number of continuous nets,
with different continuous disciplines and different abstols. In this casepthe of the
associated node shall be the smallest ofthstolsspecified in the disciplines associated
with all the continuous nets of the signal.

If an undeclared net segment has multiple comparable disciplines connected to it, a
connect statement shall specify which discipline to use during discipline resolution.
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8.3 Behavioral interaction

Verilog-AMS HDL supports several types of block statements for describing behavior,
such asnalog blocks,initial blocks, andiiways blocks. Typically, non-analog
behavior is described initial andalways blocks, assignment statements, or assign
declarations. There can be any numberniodl andalways blocks in a particular
Verilog-AMS HDL module. However there can only be anglog block in that

module.

Nets and variables in the continuous domain are tercoatinuous netandcontinuous
variablesrespectively. Likewise nets, regs and variables in the discrete domain are
termeddiscrete netsdiscrete regsanddiscrete variablesln Verilog-AMS HDL, the

nets and variables of one domain can be referenced in the other’s context. This is the
means for passing information between two different domains (continuous and discrete).
Read operations of nets and variables in both domains are allow from both contexts.
Write operations of nets and variables are only allowed from the context of their domain.

Verilog-AMS HDL provides ways to:
» access discrete primaries (e.g., nets, regs, or variables) from a continuous context

» access continuous primaries (e.g., flows, potentials, or variables) from a discrete
context

« detect discrete events in a continuous context
« detect continuous events in a discrete context

The specific time when an event from one domain is detected in the other domain is
subject to the synchronization algorithm described in 8.3.6 and Section 9. This algorithm
also determines when changes in nets and variables of one domain are accessible in the
other domain.

8.3.1 Accessing discrete nets and variables from a continuous context

Discrete nets and variables can be accessed from a continuous context. However,
because the data types which are supported in continuous contexts are more restricted
than those supported in discrete contexts, certain discrete types can not be accessed in a
continuous context.
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Table 8-1 lists how the various discrete net/variable types can be accessed from a

continuous context.

Mixed-signal

Table 8-1—Discrete net/reg/variable access from a continuous context

Discrete net/reg/ Examples Equivalent | Accessto this discrete net/reg/variablg
variable type continuous type from a continuous context
variable type
real realr; real Discrete reals are accessed in the continuous contgxt
as real numbers.
real
rm[0:8];
integer integer i; integer Discrete integers are accessed in continuous context
. as integer numbers.
integer
im[0:4];
bit regri, integer Discrete bit and bit groupings (buses and part
. . selects) are accessed in the continuous context ag
wire wi; integer numbers.
reg [0:9] The sign bit bit 31 ) of the integer is always set to
r[0:7]; zero Q). The lowest bit of the bit grouping is
o mapped to th€th bit  of the integer. The next bit
reg r[0:66]; of the bus is mapped to tHest bit  of the integer
. and so on.
reQ [0:34] If the bus width is less than 31 bits, the higher bits o
rb; the integer are set to zel®)(
Access of discrete bit groupings with greater than 3}
bits is illegal.
The syntax for a Verilog-AMS HDL primary is defined in Syntax 8-1.
primary ::=
number
| identifier
| identifier[ expression
| identifier[ msh constant_expressiorisb_constant_expressign
| concatenation
| analog_function_call
| string
| access_function
Syntax 8-1—Syntax for primary
Examples:
The following example accesses the discrete prinnafyom a continuous context.
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module onebit_dac (in, out);
input in;

inout out;

wire in;

electrical out;

analog
if in ==0)
V(out) <+0.0;
else
V(out) <+3.0;

endmodule

8.3.2 Accessing X and Z bits of a discrete net in a continuous context

Discrete nets can contain bits which are set{anknown or z (high impedancg
Verilog-AMS HDL supports comparisons which take accourkt @fdz bits in the
continuous context. The specific features are:

* the case equality operate=¢)
* the case inequality operatot<)
* thecase casex andcasezstatements
* Dbinary, octal and hexadecimal numeric constants which can cordaitiz as
digits.
The case equality and case inequality operators have the same precedence as the equality
operator.

All operators, functions, and statements are allowed in continuous contexts, except for
case-equality, case-inequalityise , casex , andcasez , which shall report an error if the
expressions they operate on contaor z bits.

The syntax for the features which suppoandz comparisons in a continuous context
is defined in 2.5 and 6.5. Support foandz is limited in the analog blocks as defined
above.

Note: ConsultiEEE 1364-1995 Verilog HDIor a description of the semantics of these operators.

8.3.3 Accessing continuous nets and variables from a discrete context

All continuous nets can be probed from a discrete context using access functions. All
probes which are legal in a continuous context of a module are also legal in the discrete
context of a module. Therefore for Verilog-AMS HDL, the definitionEEE 1364-

1995 Verilog HDLs primary is shown in Syntax 8-2.
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digital_primary ::=
digital_number
| identifier
| identifier[ digital_expressiorj
| identifier[ digital_msb constant_expressiordigital_Isb_constant_expressign
| digital_concatenation
| digital_multiple_concatenation
| digital_function_call
| ( digital_mintypmax_expression
| access_function_reference

Syntax 8-2—Syntax for digital_primary

Examples:
The following example accesses the continuouy/et from the discrete context is.

module sampler (in, clk, out);
inout in;

input clk;

output out;

electrical in;

wire clk;

reg out;

always @(posedgelk)
out = V(in);

endmodule

Continuous variables can be accessed for reading from any discrete context in the same
module where these variables are declared. Because the discrete domain can fully
represent all continuous types, a continuous variable is fully visible when it is read in a
discrete context.

8.3.4 Detecting discrete events in a continuous context

Discrete events can be detected in a Verilog-AMS HDL continuous context. The
arguments to discrete events in continuous contexts are in the discrete context. A discrete
event in a continuous context is non-blocking like the other event types allowed in
continuous contexts. The syntax for events in a continuous context is shown in

Syntax 8-3.
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event_control_statement ::=
event_control statement_or_null

event_control ::=
@ event identifier
| @ (event_expression

event_expression ::=
global_event
| event_function
| digital_expression
| event_identifier
| posedgdaligital_expression
| negedgeligital_expression
| event_expressiaor event_expression

Syntax 8-3—Syntax for event control statement

Examples:
The following example shows a discrete event being detected in an analog block.

module sampler3 (in, clkl, clk2, out);
input in, clkl, clk2;

output out;

wire clkl;

electrical in, clk2, out;

analog begin
@(posedgeclkl  or crosgV(clk2), 1))
vout = V(in);
V(out) <+vout;
end

endmodule

8.3.5 Detecting continuous events in a discrete context

In Verilog-AMS HDL, monitored continuous events can be detected in a discrete
context. The arguments to these events are in the continuous context. A continuous event
in a discrete context is blocking like other discrete events. For Verilog-AMS HDL, the
definition of IEEE 1364-1995 Verilog HDEk event_expressioils shown in Syntax 8-4.
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digital_event_expression ::=
digital_expression
| event identifier
| posedgedigital_expression
| negedgddigital_expression
| event_function
| digital_event_expressioor digital_event_expression

Syntax 8-4—Syntax for digital event expression

Examples:
The following example detects a continuous event in an always block.

module sampler2 (in, clk, out);
input in, clk;

output out;

wire in;

reg out;

electrical clk;

always @(croséV(clk) - 2.5, 1))
out =in;

endmodule

8.3.6 Concurrency

Verilog-AMS HDL provides synchronization between the continuous and discrete
domains. Simulation in the discrete domain proceeds in integer multiples of the digital
tick. This is the smallest value of the second argument ofiittegcaledirective (see
section 16.7 ilEEE 1364-1995 Verilog HDL Thus, values calculated in the digital
domain shall be constant between digital ticks and can only change at digital ticks.

Simulation in the continuous domain appears to proceed continuously. Thus, there is no
time granularity below which continuous values can be guaranteed to be constant.

The rest of this section describes synchronization semantics for each of the four types of
mixed-signal behavioral interaction. Any synchronization method can be employed,
provided the semantics preserved. A typical synchronization algorithm is described in
9.2.

8.3.6.1 Analog event appearing in a digital event control

In this case, an analog event, suclerass ortimer , appears in a@() statementin the
digital context.
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8.3.6.2

8.3.6.3

8.3.6.4

8-10

Behavioral interaction

Examples:
always begin
@(crosgV(x) - 5.5,1))
n=1;
end
When it is determined the event has occurred in the analog domain, the statements under
the event control shall be scheduled in the digital domain at the largest digital time tick
smaller than or equal to the time of the analog event. This event shall not be schedule in
the digital domain earlier than the current digital event (see 9.2.3).

Digital event appearing in an analog event control

Examples:

analog begin
@(posedgen)
r=3.14
end
In this case, a digital event, such@sedge Ornegedge , appears in a@() Statementin

the analog context.

When it is determined the event has occurred in the digital domain, the statements under
the event control shall be executed in the analog domain at the time corresponding to a
real promotion of the digital time (e.@7 ns t027.0e-9 ).

Analog primary appearing in a digital expression

In this case, an analog primary (variable, potential, or flow) whose value is calculated in
the continuous domain appears in a expression which is in the digital context; thus the
analog primary is evaluated in the digital domain.

The expression shall be evaluated using the analog value calculated for the time
corresponding to a real promotion of the digital time at which the expression is
evaluated.

Digital primary appearing in an analog expression

In this case, a digital primary (reg, wire, integer, etc.) whose value is calculated in the
discrete domain appears in an expression which is in the analog context; thus the analog
primary is evaluated in the continuous domain.

The expression shall be evaluated using the digital value calculated for the greatest
digital time tick which is less than or equal to the analog time when the expression is
evaluated.
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8.3.7 Function calls

Analog functions can only be called from a continuous context. Digital functions can
only be called from a digital context.

8.4  Discipline resolution

In general a mixed-signal is a collection of nets, some with discrete discipline(s) and
some with continuous discipline(s). Additionally, some of the nets can have undeclared
discipline(s). Discipline resolution assigns disciplines to those nets whose discipline is
undeclared. This is done to control auto-insertion of connect modules, according to the
rules embodied ioonnect statements

The assignments are based on: discipline declaratimfsylt_discipline directives (see
3.6), and the hierarchical connectivity of the design. Once all net segments of every
mixed-signal has been resolved, insertion of connect modules shall be performed.

8.4.1 Compatible discipline resolution

One factor which influences the resolved discipline of a net whose discipline is
undeclared is the disciplines of nets to which it is connected via ports; i.e., if multiple
compatible disciplines are connected to the same net via multiple ports only one
discipline can be assigned to that net. This is controlled byrdb@veto form of the
connect statement; the syntax of this form is described in 8.7.2.

If disciplines at the lower connections of ports (where the undeclared net is an upper
connection) are among the disciplineslistipline_list theresult_disciplinds the discipline
which is assigned to the undeclared net. If all the nets are of the same discipline, no rule
is needed,; that discipline becomes the resolved discipline of the net.

Examples:

In the example shown in Figure 84%tA andNetB are undeclared interconnecttB
hascmos3 andcmos4 at the lower connection ports, while it is an upper connection.
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module digital_blk (U] riodule twoblks (ouD):

b © cmos3
cmos1®
NetA
module blk (out);
module blk (out); o —< (out)
NetB
N @ cmos4
cmos2®

module blk (out);

module blk (out);

connectcmos3 cmos4  resolvetocmos3;
connectcmosl cmos2 cmos3 resolvetocmosi;

Figure 8-2 Compatible discipline resolution
The first connect statement resolwess to be assigned the discipline@oss.

NetA hascmosl, cmos2 and the resultingmos3 from moduletwoblks — at the lower
connection ports; based on the second connect statement, it resolves to be assigned the
disciplinecmosl.

8.4.2 Connection of discrete-time disciplines

Ports of discrete-time disciplines (ports where digital signals appear at both upper
(vpiHiConn ) and lower {piLoConn ) connections) shall obey the rules imposedbiE
1364-1995 Verilog HDIlon such connections.

In addition, the real-value nets shall obey the rules imposed by 3.5.

8.4.3 Connection of continuous-time disciplines

Ports of continuous-time disciplines (ports where analog signals appear at both upper
(vpiHiConn ) and lower {piLoConn ) connections) shall obey the rules imposed in 3.8.
It shall be an error to connect incompatible continuous disciplines together.

8.4.4 Resolution of mixed-signals

Once discipline declarations and tldefault_discipline compiler directive have been
applied, if any mixed-signal nets are still undeclared additional resolution is needed. This
section provides an additional method for discipline resolution of remaining undeclared
nets (to control the auto-insertion of connect modules).
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There are two modes for this method of resolutioasic(the default) andletail, which
determine how known disciplines are used to resolve these undeclared nets. For the
entire design, undeclared nets shall be resolved at each level of the hierarchy where
continuous (analog) has precedence over discrete (digital). The selection of these
discipline resolution modes shall be vendor-specific.

More than one conflicting discipline declaration from the same context (in or out of
context) for the same hierarchical segment of a signal is an error. In thisoadesting

simply means an attempt to declare more than one discipline regardless of whether the
disciplines are compatible or not.

Sample algorithms for the complete discipline resolution process are listed in Annex F.

8.4.4.1 Basic discipline resolution algorithm

In this mode (the default), both continuous and discrete disciplines propagate up the
hierarchy to meet one another. At each level of the hierarchy where continuous and
discrete meet for an undeclared net that net segment is declared continuous. This
typically results in connect modules being inserted higher up the design hierarchy.

Examples:
In the example shown in Figure 8M\&tA, NetB, NetC, andNetD are undeclared
interconnects.
NetD
module top;
module digital_blk (0u)]  odule twoblks (ouD): module miX (out);
NetC
L @ cmos3
cmos1® NotA
e
b cmos2
module blk3 (out);
module blk1 (out); O ——< (out)
NetB module blk2 (out);
& ¢ cmos4
cmos2y helectrical
module blk4 (out);
module blk2 (out); module ablk (out)
connectcmos3 cmos4  resolvetocmos3;
connectcmosl cmos2 cmos3 resolvetocmosl;

Figure 8-3 Discipline resolution mode: basic

Using the basic mode of discipline resolution and the speciféedetoconnect
statements for this example results in the following:
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* NetB resolves t@mos3 based on the firsésolvetoconnect statement.
* NetA resolves t@mosl based on the secorgbolvetoconnect statement.

* NetC resolves to electrical based on continuous (electrical) winning over discrete
(cmos2).

* NetD resolves to electrical based on continuous (electrical) winning over discrete
(cmos1).

8.44.2 Detail discipline resolution algorithm
In this mode continuous disciplines propagate up and then back down to meet discrete
disciplines. Discrete disciplines do not propagate up the hierarchy. This can result in
more connect modules being inserted lower down into discrete sections of the design
hierarchy for added accuracy.

Examples:
In the example shown in Figure 8MgtA , NetB, NetC, andNetD are undeclared
interconnects.
module top; NetD
module digital_blk (0u)]  odule twoblks (oD module miX (out);
NetC
L © cmos3
cmos1® NotA
e
®—¢ cmos2
module blk3 (out);
module blk1 (out); O ——< (out)
NetB module blk2 (out);
L @ cmos4
cmos2¢ helectrical
module blk4 (out);
module blk2 (out); module ablk (out)
connectcmos3 cmos4  resolvetocmos3; // discrete resolveto’s ignored
connectcmosl cmos2 cmos3  resolvetocmosl; // discrete resolveto’s ignored

Figure 8-4 Discipline resolution mode: detalil
Using the detail mode of discipline resolution for this example results in the following:

» Continuous upNetC resolves to electrical based on continuous (electrical)
winning over discretecfnos2).

» Continuous upNetD resolves to electrical based on continuous (electrical)
winning over undeclared.
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» Continuous downietA resolves to electrical based on continuous (electrical)
winning over undeclared.

» Continuous downietB resolves to electrical based on continuous (electrical)
winning over undeclared.

Note: The specifiedesolvetoconnect statements are ignored in this mode unless coercion (see 8.8.1) is
used.

8.4.4.3 Coercing discipline resolution
Connect module insertion can be affectecdbgrcioni.e., declaring disciplines for the
interconnect in the hierarchy. If an interconnect is assigned a discipline, that discipline
shall be used unless th&olvetoconnect statement overrides the discipline.
Examples:

The example in Figure 8-5 shows several effects of coercion on auto-insertion.

NetD
module top;
module digital_blk (0u)]  odule twoblks (ouD): module miX (out);
NetC
L © cmos3
cmos1® NotA
e
®—¢ cmos2
module blk3 (out);
module blk1 (out); O ——< (out)
NetB module blk2 (out);
L @ cmos4
cmos2¢ helectrical
module blk4 (out);
module blk2 (out); module ablk (out)
connectcmos3 cmos4  resolvetocmos3; // discrete resolveto’s ignored
connectcmosl cmos2 cmos3  resolvetocmosl; // discrete resolveto’s ignored

Figure 8-5 Coercion effects on auto- insertion

Casel:NetB is declared asmos3 (the others are undeclared)
cmos3 top.digital_blk.twoblks.NetB

discipline resolution basicSame as withoutoercion
discipline resolution detailNetB stayscmos3; NetA, NetC, andNetD become electrical.
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8.5

8.6

8-16

Connect modules

Case2:NetA is declared asmos1 (the others are undeclared)

discipline resolution basicNetA stayscmosl, NetB is assignedmos3, andNetC and
NetD become electrical.

discipline resolution detailSame avasicmode.
Case3:NetC is declared asmos2 (the others are undeclared)

discipline resolution basidiletC stayscmos2, NetB is assigne@mos3, NetA is assigned
cmos1, andNetD is assignedmos1.

discipline resolution detailSame avasicmode.

Connect modules

Connect modules are automatically inserted to connect the continuous and discrete
disciplines (mixed-nets) of the design hierarchy together. The continuous and discrete
disciplines of the ports of the connect modules and their directions are used to determine
the circumstances in which the module can be automatically inserted.

The connect module is a special form of a module; its definition is shown in Syntax 8-5.

connectmodule_declaration ::=
connectmodulemodule_identifie connectmod_portconnectmod_poit;
[ module_items ]
endmodule

connectmod_port ::=
connectmod_portdentifier

Syntax 8-5—Syntax for connect modules

Connect module descriptions

The disciplines of mixed-nets are determined prior to the connect module insertion phase
of elaboration. Connect module declarations with matching port discipline declarations
and directions are instantiated to connect the continuous and discrete domains of the
mixed net.

The port disciplines define the default type of disciplines which shall be bridged by the
connect module. The directional qualifiers of the discrete port determine the default
scenarios where the module can be instantiated. The following combinations of
directional qualifiers are supported for the continuous and discrete disciplines of a
connect module:
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continuous discrete
input output
output input
inout inout
Examples:
Example 1
connectmoduled2a(in, out);
input in;
output out;
logic in;

electrical out;
/I insert connect module behavioral here

endmodule
can bridge a mixewput port whose upper connection is compatible with discipline
logic and whose lower connection is compatible wildttrical ~ , or a mixedoutput

port whose upper connection is compatible with discipdiaetrical and whose lower
connection is compatible withgic

Example 2

connectmodulea2d(out, in);

output out;

input in;

logic out;

electrical in;

/I insert connect module behavioral here
endmodule

can bridge a mixedutput port whose upper connection is compatible with discipline
logic and whose lower connection is compatible witlatrical  , or a mixednput

port whose upper connection is compatible with discipdieetrical and whose lower
connection is compatible withgic

Example 3

connectmodulebidir(out, in);

inout out;

inout in;

logic out;

electrical in;
/I insert connect module behavioral here
endmodule

can bridge any mixed port whose one connection is compatible with disdygline
and whose connection is compatible wekldxtrical
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8.7  Connect specification statements

Any number of connect modules can be defined. The designer can choose and specialize
those in the design via the connect specification statements. The connect specification
statements allow the designer to define:

» specification of which connect module is used, including parameterization, for
bridging given discrete and continuous disciplines

» overrides for the connect module default disciplines and port directions
» resolution of incompatible disciplines

The syntax for connect specifications is shown in Syntax 8-6.

connect_specification ::=
connectrulesconnectruleidentifier;
{connect_spec_item }
endconnectrules
connect_spec_item ::=
connect_insertion
| connect_resolution

Syntax 8-6—Syntax for connect specification statements

The two forms of the connect specification statements and their syntaxes are detailed in
the following subsections.

8.7.1 Connect module auto-insertion statement

The connect module insertion statement declares which connect modules are
automatically inserted when mixed nets of the appropriate types are encountered, as
shown in Syntax 8-7.

This specifies the connect modulennect_moduladentifier is used to determine the
mixed-nets of the type used in the declaration of the connect module.

There can be multiple connect module declarations of a giere(e - continuous)

discipline pair and the connect module specification statement specifies which is to be
used in the auto-insertion process. In addition, parameters of the connect module
declaration can be specified via twnnect_attributes

8-18 Verilog-AMS Language Reference Manual Version 2.0



Connect specification statements Mixed-signal

Version 2.0

connect_insertion ::=
connectconnect_modulgdentifier connect_attributes
[ [ direction ]discipline_identifier, [ direction ]discipline_identifier ] ;

connect_attributes ::=
[ connect_mode] #( attribute_list) ]

connect_mode ::=
merge
| split

attribute_list ::=
attribute
| attribute_list, attribute

attribute ::=
.parameter identifier ( expressior)

direction ::=
input

| output
| inout

discipline_list ::=
discipline_identifier
| discipline_list, discipline_identifier

Syntax 8-7—Syntax for connect configuration statements

Connect modules can be reused for different, but compatible disciplines by specifying
different discipline combinations in which the connect module can be used. The form is

connectconnect_modulddentifier connect_attributetiscipline_identifier, discipline_identifier;

where the specified disciplines shall be compatible for both the continuous and discrete
disciplines of the given connect module.

It is also possible to override the port directions of the connect module, which allows a
module to be used both as a unidirectional and bidirectional connect module. This
override also aids library based designs by allowing the user to specify the connect rules,
rather than having to search the entire library. The form is

connectconnect_modulddentifier connect_attributes directidiscipline identifier,
directiondiscipline identifier;
where the specified disciplines shall be compatible for both the continuous and discrete
disciplines of the given connect module and the specified directions are used to define
the type of connect module.
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8.7.2 Discipline resolution connect statement

The discipline resolution connect statement specifies a single discipline to use during the
discipline resolution process when multiple nets with compatible discipline are part of
the same mixed net, as shown in Syntax 8-8.

connect_resolution ::=
connectdiscipline_listresolvetodiscipline identifier ;
discipline_list ::=
discipline_identifier
| discipline_list, discipline_identifier

Syntax 8-8—Syntax for connect configuration resolveto statements

wherediscipline_listis the list of compatible disciplines amliscipline_identifielis the
discipline to be used.

8.7.3 Parameter passing attribute

An attribute method can be used with the connect statement to specify parameter values
to pass into the Verilog-AMS HDL connect module and override the default values. Any
parameters declared in the connect module can be specified.

Examples:
connect a2d_035u  #(.tt(3.5n), .vcc(3.3));
Here each parameter is listed with the new value to be used for that parameter.

8.7.4 connect_mode

This can be used to specify additional segregation of connect modules at each level of
the hierarchy. Settingonnect_modéo split or merge defines whether all ports of a
common discrete discipline and port direction share an connect module or have
individual connect modules.

Examples:

connect a2d_035u split #(.tt(3.5n), .vcc(3.3));
Here each digital port has a separate connect module.

8.8  Automatic insertion of connect modules
Automatic insertion of connect modules is performed when signals and ports with

continuous time domain and discrete time domain disciplines are connected together.
The connect module defines the conversion between these different disciplines.
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An instance of the connect module shall be inserted across any mixed port which
matches the rule specified byénnectstatement. Rules for matching connect statements
with ports take into account the port direction (see 8.8.1) and the disciplines of the
signals connected to the port.

Eachconnect statement designates a module to be a connect module. When two
disciplines are specified in a connect statement, one shall be discrete and the other
continuous.

Examples:

module dig_inv(in, out);
input in;
output out;
reg out;
logic in, out;

alwaysbegin
out= #10 ~in;
end

endmodule

module analog_inv(in, out);
input in;
output out;
electrical in, out;
parameter real vth = 2.5;
real outval;

analog begin
if (V(in) > vth)

outval = 0;
else
outval =5
V(out) <+ transition(outval);
end
endmodule
module ring;

dig_inv d1 (n1, n2);
dig_inv d2 (n2, n3);
analog_inv a3 (n3, nl);

endmodule

connectmoduleelect_to_logic(el,cm);
input el;
output cm;
reg cm;
electrical el;
logic cm;
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always
@(crosgV(el) - 2.5, 1))
cm =1,
always
@(crosgV(el) - 2.5, -1))
cm=0;

endmodule

connectmodulelogic_to_elect(cm,el);
input cm;
output el;
logic cm;
electrical el;

analog
V(el) <+ transition((cm==1) ?5.0:0.0);

endmodule

connectrulesmixedsignal;
connectelect_to_logic;
connectlogic_to_elect;

endconnectrules

Here two modulesslect_to_logic andiogic_to_elect , are specified as the connect
modules to be automatically inserted whenever a signal and a module port of disciplines
electrical andlogic are connected.

Moduleelect_to_logic converts signals on pastit of instancea3 to portin  of
instanceadl. Modulelogic_to_elect converts the signal on pastit of instanced2 to
portin of instances3.

Connect module selection

The selection of a connect module for automatic insertion depends upon the disciplines
of nets connected together at ports. It is, therefore, a post elaboration operation since the
signal connected to a port is only known when the module in which the port is declared
has been instantiated.

Auto-insertion of connect modules is done hierarchically. The connect modules are
inserted based on the net disciplines and ports at each level of the hierarchy. The
connect_modsplit andmerged are applied at each level of the hierarchy. This insertion
supports the ability to coerce the placement of connect modules by declaring the
disciplines of interconnect.

Examples:
Figure 8-6 shows an example of auto-insertion with coercion.
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NetD
module top;
module digital_blk (0] Frodule twoblks (ouD): module mix (out);
NetC
L & cmosl
cmos1® oA
e
o cmosl
module blk3 (out);
module blk1 (out); o —< ! (out
NetB module blk2 (out);
& ¢ cmosl
cmosl¥ helectrica
module blk4 (out);
module blk2 (out); module ablk (out)
/I All digital modules have only output ports of discipline cmos1
connectcmos_d2a input cmosl output electrical,
Figure 8-6 Auto-insertion with coercion
casel:All interconnects are undeclared
discipline resolution basic
merge d2a attop.mix.blk2 andd2a attop.digital_blk (two connect modules).

split: Same asnerged
discipline resolution detail:

merge d2a attop.mix.blk2 , d2a at top.digital_blk.(blk1-blk2)
top.digital_blk.twoblks (three connect modules).

split: d2a at each of the fivemos1 blocks.

, andd2a at

Case2:If NetB is declared asmos1 and the remaining interconnect is undeclared

discipline resolution basic

merge d2a attop.mix.blk2 andd2a attop.digital_blk (two connect modules).

split: Same asnerged
discipline resolution detail:

merge d2a at top.mix.blk2 , d2a attop.digital_blk.(blk1-blk2) , andd2a at
top.digital_blk.twoblks (three connect modules).
splitt d2a at top.mix.blk2 , d2a at top.digital_blk.blk1 , d2a at
top.digital_blk.blk2 , and d2a at top.digital_blk.twoblks (four connect
modules).
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8.8.2 Signal segmentation

Once a connect module has been selected it can not be inserted until it can be determined
whether there should be one connect module per port or one connect module for all the
ports on the net of a signal which match a gis@mect statement. Inserting multiple
copies of the same connect module on one signal (i.e., between the signal and the
multiple ports) has the effect of creating distinct segments of the signal with the same
discipline at that level of the hierarchy.

This segmentation of the signal which connects ports is only performed in the case of
digital ports (i.e., ports with discrete-time domain or digital discipline). For analog (or
continuous-time domain) disciplines, itis not desirable to segment the signal between the
ports; i.e, there shall never be more than one analog node representing a signal. However,
it can be desirable for the simulator’s internal representation of the signal to consist of
various separate digital segments, each with its own connect module.

Examples:

Figure 8-7 shows how to model the loading effect of each individual digital port on the
analog node.
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Insertion of connect instances creates distinct
segments in a signal

LOGIC
connect instance
Analog |—
LOGIC
—x
Analog |— LOGIC
one LOGIC segment for all LOGIC ports
in
LOGIC
out
Analog |—
. out
P LOGIC
in
X
Analog |— N LOGIC
two LOGIC segments
(one for inputs, one for outputs)
—X— LOGIC
=
Analog |—
= LOGIC
—X—
Analog |— —X— LOGIC

a separate LOGIC segment for each LOGIC port

Figure 8-7 Signal segmentation by connect modules
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8.8.3.1
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connect_mode parameter

This parameter can be used in thenect statement to direct the segmentation of the
signal at each level of the hierarchy, which can occur while inserting a connect module.
It can be one of two predefined valugsit or merged. The default isnerged

Theconnect_mode indicates how input, output, or inout ports of the given discipline
shall be combined for the purpose of inserting connect modules. Itis applied when there
is more than one port of discrete discipline on a net of a signhal whexaileet

statement applies.

merged

This instructs the simulator to try to group all ports (whether they are input, output, or
inout) and to use just one connector module, provided the module is the same.

Examples:
Figure 8-8 illustrates the effect of thergedattribute.

Connection of thelectrical signal to thetl inout ports andl input ports results

in a single connector modulgdir , being inserted between the ports and the

electrical signal. Thatl output ports are merged, but with a different connect
module; i.e., there is one connector module inserted between the electrical signal and all
of thettl output ports.
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TTL
bidir ]
electrical
inputs
outputs
P d2a
inouts
TTL
inputs
outputs j
inouts
connectrulesexample;
connectd2amerged input ttl, output electrical ;
connectbidir merged outputelectrical input ttl ;
connectbidir merged inoutttl, inout electrical ;
endconnectrules

Figure 8-8 Connector insertion using merged

8.8.3.2 split

If more than one input port is connected at a net of a signal, using forces there to

be one connect module for each port which converts between the net discipline and the
port discipline. In this way, the net connecting to the ports is segmented by the insertion
of one connect module for each port.

Examples:
Example 1

connectelect_to_logic split;
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Thisconnect statement specifies the moduelect_to_logic shall be split across the
discrete module ports:

» ifaninput port haggic discipline and the signal connecting to the port has
electrical discipline, or

« ifan output port has electrical discipline and the signal connecting to the port has
logic discipline.

Example 2

In Figure 8-9, the connections of afectrical signal tottl  output ports results in a
distinct instance of the2a connect module being inserted for each output port. This is
mandated by theplit  parameter.

Connection of thelectrical signal tottl  input ports results in a single instance of
thea2d connect module being inserted betweenedihetrical signal and all thel

input ports. This is mandated byrged parameter. This behavior is also seen for the
ttl  inout ports where theerged parameter is used.
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TTL
a2d _
electrical
inputs X
d2a
outputs >
X
d2a
inouts I
TTL
inputs ]
d2a
outputs o
X
d2a
inouts ¢
bidir
connectrulesexample;
connectd2asplit input ttl, output electrical,
connecta2dmerged outputelectrical input ttl ;
connectbidir merged inoutelectrical inout ttl ;
endconnectrules

Figure 8-9 Connect module insertion with signal segmentation
Example 3

This example:

connectcmosA2d  split #(.r(30k) input electrical , output cmos02u;
performs three functions:

1. connects an instance @fiosA2d module between a signal wihectrical
discipline and the input port witlnos02u discipline, or an output port with
electrical discipline and the signal wittinoso2u discipline;
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2. sets the value of the parameteo 30k ; and
3. uses one module instance for each input port.

If there are many output ports where this rule applies, by definition there is no
segmentation of the signal between these ports, since the ports have discipline
electrical (an analog discipline).

Example 4
This last example:
connectcmosA2d merged #.r(15k) input electrical , output cmos04u;
does three things:
1. connects an instance @fiosA2d module between a signal with electrical

discipline and an input port witlnos04u discipline, or an output port with
electrical discipline and a signal wittmos4u discipline;

2. sets the value of the parametdo 15k ; and

3. uses one module instance regardless of the number of ports.

Rules for driver-receiver segregation and connect module selection and insertion

Driver-receiver segregation and connect module insertion is a post elaboration
operation. It depends on a complete hierarchical examination of each signal in the
design, i.e., an examination of the signal in all the contexts through which it passes. If
the complete hierarchy of a signal is digital, i.e., the signal has a digital discipline in all
contexts through which is passes, it @igital signalrather than a mixed-signal.
Similarly, if the complete hierarchy of a signal is analog, it iaalog signatather than

a mixed-signal. Rules for driver-receiver segregation and connect module insertion
apply only tomixed-signalsi.e., signals which have an analog discipline in one or more
of the contexts through which they pass and a digital discipline in one or more of the
contexts. In this casepntextrefers to the appearance of a signal in a particular module
instance.

For a particular signal, a module instance has a digital context if the signal has a digital
discipline in that module or an analog context if the signal has an analog discipline. The
appearance of a signal in a particular context is referred tesagmenof the signal. In
general, aignalin a fully elaborated design consists of various segments, some of which
can be analog and some of which can be digital.

A portrepresents a connection between two net segments of a signal. The context of one
of the net segments is an instantiated module and the context of the other is the module
which instantiates it. The segmentin the instantiated module is calléaltieeor formal
connectiorand the segment in the instantiating module isggeror actual connection

A connection element is selected for each port where one connection is analog and the
other digital.
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The following rules govern driver-receiver segregation and connect module selection.
These rules apply only to mixed-signals.

1. A mixed-signal is represented in the analog domain by a single node, regardless
of how its analog contexts are distributed hierarchically.

2. Digital drivers of mixed-signals are segregated from receivers so the digital
drivers contribute to the analog state of the signal and the analog state determines
the value seen by the receivers.

3. Aconnection shall be selected for a port only if one of the connections to the port
is digital and the other is analog. In this case, the port shall match one (and only
one) connect statement. The module named in the connect statement is the one
which shall be selected for the port.

Once connect modules have been selected, they are inserted according to the
connect_mode parameter in the pertinent connect statements. These rules apply to
connect module insertion:

1. The connect mode of a port for which a connect module has been selected shall
be determined by the value of ttwnect_ mode parameter of theonnect
statement which was used to select the connect module.

2. The connect module for a port shall be instantiated in the context of the ports
upper connection.

3. All ports connecting to the same signal (upper connection), sharing the same
connect module, and havingerrged parameter shall share a single instance of the
selected connect module.

4. All other ports shall have an instance of the selected connect module, i.e., one
connect module instance per port.

8.8.5 Instance names for auto-inserted instances

Parameters of auto-inserted connectinstances can be set on an instance-by-instance basi:
with the use of theefparam statement. This requires predictable instance names for the
auto-inserted modules.

The following naming scheme is employed to unambiguously distinguish the connector
modules for the case of auto-inserted instances.

1. merged
In the merged case, one or more ports have a given discipline at their bottom
connection, call iBottomDiscipline , and a common signal, callsigName, of

another discipline at their top connection. A single connect module, call it
ModuleName, is placed between the top signal and the bottom signals. In this case,
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the instance name of the connect module is derived from the signal name, module
name, and the bottom discipline:

SigName__ModuleName__ BottomDiscipline

2. split
In the split case, one or more ports have a given discipline at their bottom
connection and a common signal of another discipline, cadhbiscipline  , at
their top connection. One module instance is instantiated for each such port. In
this case, the instance name of the connect module is

SigName__InstName__ PortName

wherelinstName andPortName are the local instance name of the port and its
instance respectively.

Note: The__ between the elements of these generated instance names is a double underscore.

8.9

8-32
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If the hierarchical segments of a signal are all digital or all analog, the signal is not a
mixed-signal and the internal representation of the signal does not differ from that of a
purely digital or an analog signal.

If the signal has both analog and digital segments in its hierarchy, it is a mixed-signal. In
this case, the appropriate conversion elements are inserted, either manually or
automatically, based on the following rules.

* All'the analog segments of a mixed-signal are representations of a single analog
node.

» Each of the non-contiguous digital segments of a signal shall be represented
internally as a separate digital signal, with its own state.

» Each non-contiguous digital segment shall be segregated into the collection of
drivers of the segment and the collection of receivers of the segment.

In the digital domain, signals can have drivers and receivers. A driver makes a
contribution to the state of the signal. A receiver accesses, or reads, the state of the signal.
In a pure digital net, i.e., one without an analog segment, the simulation kernel resolves
the values of the drivers of a signal and it propagates the new value to the receivers by
means of an event when there is a change in state.

In the case of a mixed net, i.e., one with digital segments and an analog segment, it can
be useful to propagate the change to the analog simulation kernel, which can then detect
a threshold crossing, and then propagate the change in state back to the digital kernel.
This, among other things, allows the simulation to account for rise and fall times caused
by analog parasitics.
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Within digital segments of a mixed-signal net, drivers and receivers of ordinary modules
shall be segregated, so transitions are not propagated directly from drivers to receivers,
but propagate through the analog domain instead. In this case, the drivers and receivers
of connect modules shall be oppositely segregated,; i.e., the connect module drivers shall
be grouped with the ordinary module receivers and the ordinary module drivers shall be
grouped with the connect module receivers.

Thus, digital transitions are propagated from drivers to receivers by way of analog
(through using connect module instances). Figure 8-10 and Figure 8-11 show driver-
receiver segregation in modules having bidirectional and unidirectional ports,

respectively.
Hierarchical definition Internal representation
analog analog
- digital
digital 9
[] inout port
. - —
drivers —————
1 digital > connection
g drivers ———pt driver
connection ——
> .
receivers i
> receiver —>
[] receivers
. input
inout port
[] P port H] output
— port
drivers —
—.> I
digital drivers
igital  |——p . —
receivers —
» connection >
) receivers
. receiver | ——p»
[] inout port connection
driver
analog

Figure 8-10 Driver-receiver segregation in modules with bidirectional ports
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Hierarchical definition Internal representation
analog
analog
digital digital
[] output port |
—>
drivers > drivers | connection
— 1 digital receiver —
—>
—>
receivers
— receivers
[] output port output port [_] [ ]
. —P .
drivers e connection
digital - driver
drivers | >
— .
p ECEIVers >
—>
[] output port receivers
analog

Figure 8-11 Driver-receiver segregation in modules with unidirectional ports

8.10 Driver access and net resolution

Access to individual drivers and net resolution is necessary for accurate implementation
of connect modules (see 8.5)dAver of a signal is a process which assigns a value to
the signal, or a connection of the signal to an output port of a module instance or
simulation primitive. The driver access functions described here only access drivers
found in ordinary modules and not to those found in connect modules. Driver access
functions can only be called from connect modules.

A signal can have any number of drivers; for each driver the current status, value, and
strength can be accessed.
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8.10.1 $driver_count

$driver_count returns an integer representing the number of drivers associated with the
signal in question. The syntax is shown in Syntax 8-9.

driver_count_function ::=
$driver_count ( signal_namé

Syntax 8-9—Syntax for $driver_count

The drivers are arbitrarily numbered franto N-1, whereN is the total number of
ordinary drivers contributing to the signal value. For example, if this function returns a
values then the signal has five drivers numbered foota 4.

8.10.2 $driver_state

driver_state returns the current value contribution of a specific driver to the state of the
signal. The syntax is shown in Syntax 8-10.

driver_state_function ::=
$driver_state (signal_namedriver_index)

Syntax 8-10—Syntax for $driver_state

driver_indexs an integer value betweerandN-1, whereNis the total number of drivers
contributing to the signal value. The state value is returnegdiasg, orz.

8.10.3 $driver_strength

driver_strength returns the current strength contribution of a specific driver to the strength
of the signal. The syntax is shown in Syntax 8-11.

driver_strength_function ::=
$driver_strength ( signal_name driver_index)

Syntax 8-11—Syntax for $driver_strength

driver_indexs an integer value betweerandN-1, whereNis the total number of drivers
contributing to the signal value. The strength value is returned as two streBigils,

3 for strength0  andBits 2-0  for strengthl  (seelEEE 1364-1995 Verilog HDL
sections 7.10 and 7.11).
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If the value returned is or 1, strength0  returns the high-end of the strength range and
strengthl  returns the low-end of the strength range. Otherwise, the strengths of both
strength0  andstrengthl is defined as shown in Figure 8-12 below.

strengthO strengthl

7 |6 |5 [4 |3 2 1 0 0 1 |2 3 (4 |5 [6 [7

Su0 Sto Pu0 La0 We0 MeO SmO Hizo Hiz1 Sml Mel Wel Lal Pul Stl Sul

B 11 |1 (1 |1 | O 0 0 0 0 0 0 0 1 1] 1] 1(B2
B4 (1 |1 (0 (O 1 1 0 0 0 0 1 1|1 O0Of Of 1] 1|B1
B3 11 |0 (1 |O 1 0 1 0 0 1 0 1( O 1| Of 1|80

Bits Bits

Figure 8-12 Strength value mapping

8.10.4 driver_update

The status of drivers for a given signal can be monitored with the event detection
keyworddriver_update. It can be used in conjunction with the event detection ope@tor
to detect updates to any of the drivers of the signal.

Examples:

always @ driver_update clock)
statement;

causes thetatement to execute any time a driver of the sigrakk is updated. Here,
an update is defined as the addition of a new pending value to the driver. This is true
whether or not there is a change in the resolved value of the signal.

8.10.5 net_resolution

net_resolution sets the value of the net as seen by receivers of the net during driver-
receiver segregation; it can only be used tv@nect_module . The syntax is shown in
Syntax 8-12.

net_resolution_specification ::=
net_resolution (port_identifier, digital _expression

Syntax 8-12—Syntax for net_resolution

Theport_identifierspecifies the name of the digital port in the connection module. The
digital_expressiorns the value that is seen by the receivers of the net.
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1. The default is equivalent asign d = d;
2. Anything else is done explicitly, such as:

assign d = out;
net_resolution( d, out);

8.10.6 Connect module example using driver access functions

Using the example shown in Figure 8-13, a connect module can be created using driver
access functions to accurately model the effects of multiple drivers on an interface.

d3 d2
{>@ nl :
di ] e2c
r— © — 1
I |
[ — | cl
| |
I I
L _/7_ _ 1

Figure 8-13 Driver-receiver segregation connect module example

The connect module below takes advantage of much of the mixed-signal language
including driver access functions. This module effectively adds another parallel resistor
from output to ground whenever a digital output connected to the net goes high, and
another parallel resistor from output to raupply whenever a digital output connected

to the net goes low. If this is used as the connect module in Figure 8-13, not only is the
delay from digital outputs to the digital input a function of the value of the capacitor, for

a given capacitance it takes approximately half the time (since two gates are driving the
signal rather than one).

connectmodule c2e(d,a);
cmosl d;

electrical a;

input d;

inout a;

reg out;

ground gnd;

branch pull_up(rail,a);
branch pull_down(a,gnd);
branch power(rail,gnd);
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parameter real impedence0O = 120.0;
parameter real impedencel = 100.0;
parameter real impedenceOff = 1e6;
parameter real vt_hi = 3.5;
parameter real vt_lo = 1.5;
parameter real supply =5.0;

integer num_ones, num_zeros;

net_resolution(d, out);

always @(driver_updatdd)) begin
num_ones = 0;

num_zeros = 0;

for (i=0;i< $driver_count(d); i  ++)
if ( $driver_state(i) ==1)

num_ones = num_ones + 1;

else

num_zeros = num_zeros + 1;

end

always @(crosgv(a) - vt_hi, -1) or crosqV(a) - vt_lo, +1))
out = 1'bx;

always @(crosgv(a) - vt_hi, +1))

out=1;

always @(crosgv(a) - vt_lo, -1))

out = 0;

analog begin
/I Approximately one impedencel resistor to rail per high output
/I connected to the digital net
V(pull_up) <+ 1/((1/impedencel)*num_ones+(1/impedenceOff)) *
I(pull_up);
/I Approximately one impedenceO resistor to ground per low output
/I connected to the digital net
V(pull_down) <+ 1/((1/impedence0)*num_zeros+(1/impedenceOff)) *
[(pull_down);
V(power) <+ supply;
end

endconnectmodule

8.11 Supplementary driver access functions

8-38

The following driver access functions are provided for access to digital events which
have been scheduled onto a driver but might not have matured by the current simulation
time.

These functions can be used to create analog waveforms which cross a specified
threshold at the same time the digital event matures, thus providing accurate registration
of analog and digital representations of a signal. This assumes there is at least as long a
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delay in the maturation of the digital signal as the required rise/fall times of the analog
waveform.

Note: Because the scheduled digital events can be scheduled with an insufficient delay or cancelled
before they mature, be careful when using these functions.

8.11.1 $driver_delay

$driver_delay returns the delay, from current simulation time, after which the pending
state or strength becomes active. If there is no pending value on a signal, it returns zero
(0). The syntax is shown in Syntax 8-13.

driver_delay_function ::=
$driver_delay (signal_namedriver_index)

Syntax 8-13—Syntax for $driver_delay

driver_indexs an integer value betweerandN-1, whereNis the total number of drivers
contributing to the signal value. The returned delay value is an integer.

8.11.2 $driver_next_state

$driver_next_statereturns the pending state of the driver, if there is one. If there is no
pending state, it returns the current state. The syntax is shown in Syntax 8-14.

driver_next_state_function ::=
$driver_next_state (signal_name driver_index)

Syntax 8-14—Syntax for $driver_next_state

driver_indexs an integer value betweerandN-1, whereNis the total number of drivers
contributing to the signal value. The pending state value is returred,as orz.

8.11.3 $driver_next_strength

$driver_next_strength returns the strength associated with the pending state of the driver,
if there is one. If there is no pending state, it returns the current strength. The syntax is
shown in Syntax 8-15.
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driver_next_strength_function ::=
$driver_next_strength (signal_name driver_index)

Syntax 8-15—Syntax for$ driver_next_strength

driver_indexs aninteger value betweerandN-1, whereNis the total number of drivers
contributing to the signal value. The pending strength value is returned as an integer
betweerp and7.
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Section 9

Scheduling semantics

This section details the simulation cycles for analog simulation and mixed A/D
simulations.

Analog simulation cycle

Simulation of a network, or system, starts with an analysis of each node to develop
equations which define the complete set of values and flows in a network. Through
transient analysis, the value and flow equations are solved incrementally with respect to
time. At each time increment, equations for each signal are iteratively solved until they
converge on a final solution.

Nodal analysis

To describe a network, simulators combine constitutive relationships with Kirchhoff's
Laws innodal analysigo form a system of differential-algebraic equations of the form

F(v, 1) = %+i(v,t) -0
v(0) = v,

These equations are a restatement of Kirchhoff's Flow Law (KFL).
Vis a vector containing all node values
tis time
g andi are the dynamic and static portions of the flow
f() is a vector containing the total flow out of each node

Vg is the vector of initial conditions

This equation was formulated by treating all nodes as being conservative (even signal
flow nodes). In this way, signal-flow and conservative terminals can be connected
naturally. However, this results in unnecessary KFL equations for those nodes with only
signal-flow terminals attached. This situation is easily recognized and those unnecessary
equations are eliminated along with the associated flow unknowns, which shall be zero
(0) by definition.
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9.1.2 Transient analysis

The equation describing the network is differential and non-linear, which makes it
impossible to solve directly. There are a number of different approaches to solving this
problem numerically. However, all approaches discretize time and solve the nonlinear
equations iteratively, as shown in Figure 9-1.

The simulator replaces the time derivative operatqfd)) with a discrete-time finite
difference approximation. The simulation time interval is discretized and solved at
individual time points along the interval. The simulator controls the interval between the
time points to ensure the accuracy of the finite difference approximation. At each time
point, a system of nonlinear algebraic equations is solved iteratively. Most circuit
simulators use the Newton-Raphson (NR) method to solve this system.

9-2 Verilog-AMS Language Reference Manual Version 2.0



Scheduling semantics

Analog simulation cycle
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Figure 9-1 Simulation flowchart (transient analysis)

9.1.3 Convergence
In the analog kernel, the behavioral description is evaluated iteratively until the NR

method converges. On the first iteration, the signal values used in expressions are
approximate and do not satisfy Kirchhoff's Laws.
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In fact, the initial values might not be reasonable, so models need to be written so they
do something reasonable even when given unreasonable signal values.

For example, the log or square root of a signal value is being computed, some signal
values cause the arguments to these functions to become negative, even though a real-
world system never exhibits negative values.

As the iteration progresses, the signal values approach the solution. Iteration continues
until two convergence criteria are satisfied. The first criterion is the proposed solution on
this iteration ) (t), shall be close to the proposed solution on the previous iterafion,
D), and

[ v, - v.0-D | <reltol (max(| v, , b,0-D))) +abstol
wherereltol is the relative tolerance aadbstolis the absolute tolerance.
reltol is set as a simulator option and typically has a valueasf. . There can be many
absolute tolerances, which one is used depends on the quantity the signal represents

(volts, amps, etc.). The absolute tolerance is important whesconverging to zera.
Without abstol the iteration never converges.

The second criterion ensures Kirchhoff's Flow Law is satisfied:

<reltol(max(| fi,(v(D)])) + abstol

S fo(v)

wherefni(v(j)) is the flow exiting node from branch.

Both of these criteria specify the absolute tolerance to ensure convergence is not
precluded when,, or f(v) go to zero ). The relative tolerance can be set once in an
options statement to work effectively on any node in the circuit, but the absolute
tolerance shall be scaled appropriately for its associated signal. The absolute tolerance
shall be the largest signal value which is considered negligible on all the signals where
it is associated.

The simulator uses absolute tolerance to get an idea of the scale of signals. Absolute
tolerances are typically 1,000 to 1,000,000 times smaller than the largest typical value
for signals of a particular quantity. For example, in a typical integrated circuit, the largest
potential is about 5 volts, so the default absolute tolerance for voltag&/isThe largest
current is about 1mA, so the default absolute tolerance for current is 1pA.

9.2 Mixed-signal simulation cycle

This section describes the semantics of the initialization and time-sweep phases of a
transient analysis in a mixed-signal simulation cycle.
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9.2.1

9.2.2

Version 2.0

Circuit initialization

The initialization phase of a transient analysis is the process of initializing the circuit
state before advancing time.

Transient analysis & A/D algorithm synchronization

In the analog kernel, time is a floating point value. In the digital kernel time is an integer
value. Hence, A2D events generally do not occur exactly at digital integer clock ticks.

For the purpose of reporting results and scheduling delayed future events, the digital
kernel truncates A2D events down to the earlier tick. Any events which are scheduled
with zero () delay (as a result of the A2D) are not snapped down. Instead they are
processed immediately.

Consequently an A2D event which results in a D2A event being scheduled withogero (
delay, shall have its effect propagated back to the analog kernel witho zdesay.

Zero delay inverter

/

A B

Connection modules

Figure 9-2 A zero delay inverter
If the circuit shown in Figure 9-2 is being simulated with a digital time resolutiareof
9 (one () nanosecond) then all digital events shall be reported by the digital kernel as
having occurred at an integer multiple1efo .

If connectora detects a positive threshold crossing the resulting falling edge at connector
B, this shall be reported to the analog kernel with no further advance of analog time.
However, the digital kernel could to round the time of these events to the nearest
nanosecond.

Example:

If A detects a positive crossing as a result of a transient solution attime |, the
digital kernel shall report a rising edgesat times.0e-9 and falling edge a at time
5.0e-9 , but the analog kernel shall see the transitiakagin at times.27e-9 , as
shown in Figure 9-3.
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analog )y d

signal
A digital |
I |
| , |

B analog \
digital I )

Figure 9-3 Transient solution times

9.2.3 The synchronization loop

The digital and analog kernels shall be synchronized so neither computes results which
the other is ineligible to accept. The synchronization algorithm can exploit
characteristics of the analog and digital kernels described in the next section. A sample
run is shown in Figure 9-4.

1. The Analog engine begins transient analysis and sends state information to the
Digital engine (1, 2).

2. The Digital engine begins to run using its own time steps (3); however, if there
is no D2A event, the Analog engine is not notified and the digital engine
continues to simulate to until it can not advance its time without surpassing the
time of the analog solution (4). Control of the simulation is then returned to the
analog engine (5). This process is repeated (7, 8, 9, 10, and 11).

3. If the Digital engine produces a D2A event (12), control of the simulation is
returned to the Analog engine (13). The analog engine returns to the point at
which the digital engine last surrendered control (14). The Analog engine
recalculates the analog solution up to the time when the D2A event occurred (15).
The Analog engine then takes the next time step (16).

4. If the Analog engine produces an A2D event, it returns control to the Digital
engine (17), which simulates up to the time of the A2D event and then surrenders
control (18 and 19).

5. This process continues until transient analysis is complete.
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Figure 9-4 Sample run
9.24 Assumptions about the analog and digital algorithms

Version 2.0

Advance of time in a digital algorithm

. The digital simulation has some minimum time granularity and all digital events

occur at a time which is some integer multiple of that granularity.

. The digital simulator can always accept events for a given simulation time

provided it has not yet executed events for a later time. Once it executes events
for a given time, it can not accept events for an earlier time.

. The digital simulator can always report the time of the most recently executed

event and the time of the next pending event.

Advance of time in an analog algorithm

. The analog simulator advances time by calculating a sequence of solutions. Each

solution has an associated time which, unlike the digital time, is not constrained
to a particular minimum granularity.
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. The analog simulator can not tell for certain the time when the next solution

converges. Thus, it can tell the time of the most recently calculated solution, but
not the time of the next solution.

. In general, the analog solution is a function of one or more previous solutions.

Having calculated the solution for a given time, the analog simulator can either
accept or reject that solution; it can not calculate a solution for a future time until
it has accepted the solution for the current time.

Analog to digital events

. Analog to digital events are generated by conversion elements (which are analog/

digital behavioral models) when evaluated by the analog simulator.

. Analog events (e.gcross , initial_step , andfinal_step ) cause an analog

solution of the time where they occur.

. Thus, any analog to digital event is generated as the result of a particular transient

solution. This means events can stay associated with the solution which produced
them until they are passed to the digital simulator, then they can be rejected along
with the solution if it is rejected.

Digital to analog events shall cause an analog solution of the time where they
occur.
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Section 10

System tasks and functions

This section describes system tasks and functions available in Verilog-AMS HDL.

10.1 Environment parameter functions

The syntax for these functions are shown in Syntax 10-1.

environment_parameter_functions ::=
$temperature
| $abstime
| $realtime [ (real_numbe) ]
| $vt [ (temperatureexpression) ]

Syntax 10-1—Syntax for the environment parameter functions

These functions return information about the current environment parameters as a real
value.

$temperature does not take any input arguments and returns the circuit's ambient
temperature in Kelvin units.

$abstimereturns the absolute time, that is a real value number representing time in
seconds.

$realtime can have an optional argument which scales the time. If no argument is given,
$realtime’s return value is scaled to thine_unit of the module which invoked it. If an
argument is givergrealtime shall divide the absolute time by the value of the argument
(i.e., scale to the value specified in the argument). The argumenididme follows

the symantics of theime_unit, that is it shall consist of an integer followed by a scale
factor. Valid integers are; 10, and100; valid scale factors ares (seconds)ns
(milliseconds)us (microseconds)s (nanosecondsps (picoseconds), arfd
(femtoseconds).

$vt can optionally have temperature (in Kelvin units) as an input argument and returns
the thermal voltagek{T/g) at the given temperaturg:t without the optional input
temperature argument returns the thermal voltage gsingerature.

Note: Previous Verilog-A modules usirsgealtime may not produce the same results as in the past as
$realtime  used to return time scaled to ong fecond. If theme_unit  of the timescaledirective is
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set tols, the behavior shall be the same. For analog blocksatisgme function should typically be
used, as it returns time in seconds.

10.2 $random function

The syntax for this function is shown in Syntax 10-2.

random_function ::=
$random [ ( seedexpression) ] ;

Syntax 10-2—Syntax for the random_function

$random provides a mechanism for generating random numbers. The function returns a
new 32-bit random number each time itis called. The random number is a signed integer;
it can be positive or negative.

seed_expressiarontrols the numbegandom returnsseedshall be aeg, integer, Ortime
variable. Theseedvalue shall be assigned to this variable prior to ca#liagdom.

Examples:
Whereb >0 , the expressiosrandom % b)  gives a number in the following range:

[(-b+1) : (b-1)].

The following code fragment shows an example of random number generation between
-59 ands9:

integer rand;
rand = $random % 60;

10.3 $dist_ functions

The syntax for these functions are shown in Syntax 10-3.
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distribution_functions ::=
$digital_dist_functiony args) ;
| $rdist_uniform ( seed start_expressionend_expression ;
| $rdist_normal ( seed mean expressionstandard_deviatiorexpressior) ;
| $rdist_exponential (seed mean expressior) ;
| $rdist_poisson (seed mean expressior) ;
| $rdist_chi_square (seeddegree_of_freedonexpression ;
| $rdist_t ( seeddegree_of_freedomexpressior) ;
| $rdist_erlang (seedk_stageexpressionmean expression ;

seed ::=
integer_variableidentifier

Syntax 10-3—Syntax for the probabilistic distribution functions

The following rules apply to these functions.

* All parameters to the system functions are real values, excepeém(which is
defined bysrandom()). For the$rdist_exponential, $rdist_poisson $rdist_chi_square
$rdist_t, andsrdist_erlang functions, the parametensean degree_of freedom
andk_stageshall be greater than zem) (

» Each of these functions returns a pseudo-random number whose characteristics
are described by the function name, e$giist_uniform returns random numbers
uniformly distributed in the interval specified by its parameters.

* For each system function, teeedparameter is ainout parameter; thatis, a
value is passed to the function and a different value is returned. The system
functions shall always return the same value given the sm®@This facilitates
debugging by making the operation of the system repeatable. The argument for
seedshall be an integer variable, which is initialized by the user and only updated
by the system function. This ensures the desired distribution is achieved.

« All functions return a real value.

* In $rdist_uniform, thestart andendparameters are real inputs which bound the
values returned. Th&tart value shall be smaller than teedvalue.

* Themeanparameter used [aydist_normal, $rdist_exponential, $rdist_poisson and
$rdist_erlang is an real input which causes the average value returned by the
function to approach the value specified.

» Thestandard_deviatioparameter used lydist_normal is a real input, which
helps determine the shape of the density function. Using larger numbers for
standard_deviatiospreads the returned values over a wider range. Usimggen
of zero ) and astandard_deviationf one @), $rdist_normal generates Gaussian
distribution.
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* Thedegree_of freedoparameter used I#¢dist_chi_squareandsrdist_t is a real
input, which helps determine the shape of the density function. Using larger
numbers fodegree_of freedospreads the returned values over a wider range.

10.4 Simulation control system tasks

There are two simulation control system tasksish andsstop.

10.4.1 $finish
The syntax for this task is shown in Syntax 10-4.

finish_task ::=
$finish [ (n)];

Syntax 10-4—Syntax for the finish_task

$finish sSimply makes the simulator exit. If an expression is supplied to this task, its value
determines which diagnostic messages are printed before the prompt is issued, as shown
in Table 10-1. One1|) is the default if no argument is supplied.

Table 10-1—Diagnostic messages

Parameter Message

0 Prints nothing

1 Prints simulation time and location

2 Prints simulation time, location, and statistics about the memory and CPU time used in simplation

10.4.2 $stop
The syntax for this task is shown in Syntax 10-5.

stop_task ::=
$stop[(n)];

Syntax 10-5—Syntax for the stop_task

$stop causes simulation to be suspended at a converged timepoint. This task takes an
optional expression argument {, or2), which determines what type of diagnostic
message is printed. The amount of diagnostic messages output increases with the value
of n, as shown in Table 10-1.
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10.5 File operation tasks

This section details the file operation tasks.

10.5.1 $fopen

The syntax for this task is shown in Syntax 10-6.

file_open_task ::=
integer multi_channel_descripter $fopen ( " file_name" ) ;

Syntax 10-6—Syntax for the file_open_task

$fopen opens the file specified as an argument and returns a 32-bit multichannel
descriptor which is uniquely associated with the file. It returiisthe file could not be
opened for writing.

The multichannel descriptor can be thought of as a set of 32 flags, where each flag
represents a single output channel. The least significamitlit () of a multichannel
descriptor always refers to the standard output. The standard output is also called
channel 0 . The other bits refer to channels which have been opengddey

The first call tosfopenopenschannel 1 and returns a multichannel descriptor value of
2—that is,bit1  of the descriptor is set. A second caltapen openshannel 2 and

returns a value of—that is, onlyvit2  of the descriptor is set. Subsequent calls to

$fopen openchannel s3, 4,5, and so on and return valuesspi6, 32, and so on, up to

a maximum of 32 open channels. Thus, a channel number corresponds to an individual
bit in a multichannel descriptor.

10.5.2 $fclose

The syntax for this task is shown in Syntax 10-7.

file_close_task ::=
$fclose (multi_channel_descriptordentifier) ;

Syntax 10-7—Syntax for the file_close_task

$fclosecloses the channels specified in the multichannel descriptor and does not allow
any further output to the closed channetspenreuses channels which have been closed.

10.6 Display tasks

The syntax for these functions are shown in Syntax 10-8.
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display_tasks ::=

$strobe (list_of_argument$;
| $display (list_of _argument$;
| $monitor ( list_of_argument$;
| $write ( list_of_argument};

Syntax 10-8—Syntax for the display tasks

The following rules apply to these functions.

$strobe provides the ability to display simulation data when the simulator has
converged on a solution for all nodes.

$strobe displays its arguments in the same order they appear in the argument list.
Each argument can be a quoted string, an expression which returns a value, or a
null argument.

The contents of string arguments are output literally, except when certain escape
sequences are inserted to display special characters or specify the display format
for a subsequent expression.

Escape sequences are inserted into a string in three ways:

The special characterindicates the character to follow is a literal or non-
printable character (see Table 10-2).

The special charactesindicates the next character shall be interpreted as a
format specification which establishes the display format for a subsequent
expression argument (see Table 10-3). For eadtaracter which appears in a
string, a corresponding expression argument shall be supplied after the string.

The special character stringpéndicates the display of the percent sign character
(99 (see Table 10-2).

Any null argument produces a single space character in the displagui{A
arguments characterized by two adjacent commag (n the argument list.)
Whensstrobeis invoked without arguments, it simply prints a newline character.

Thesdisplay task provides the same capabilitiesasbe. Theswrite task provides the
same capabilities a&strobe, but with no newline. Theémonitor task provides the same
capabilities asstrobe, but outputs only when a parameter changes.

10.6.1 Escape sequences for special characters

The escape sequences shown in Table 10-2, when included in a string argument, print
special characters.

10-6
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Table 10-2— Escape sequences for printing special characters

\n The newline character
\t The tab character

\ The\ character

\" The" character

\ddd A character specified by 1 to 3 octal digitd

%% The%character

10.6.2 Format specifications

Table 10-3 shows the escape sequences used for format specifications. Each escape
sequence, when included in a string argument, specifies the display format for a
subsequent expression. For eegharacter (exceptmand%%9 which appears in a

string, a corresponding expression shall follow the string in the argument list, except a
null argument. The value of the expression replaces the format specification when the
string is displayed.

Table 10-3— Escape sequences for format specifications

%hor %H Display in hexadecimal format
%dor %D Display in decimal format

%oo0r %0 Display in octal format

%bor %B Display in binary format

%cor %C Display in ASCII character format
%nor %M Display hierarchical name

%sor %S Display as a string

Any expression argument which has no corresponding format specification is displayed
using the default decimal format$strobe.

The format specifications in Table 10-4 are used for real numbers and have the full
formatting capabilities available in the C language. For example, the format
specificatiores10.3g sets a minimum field width of 10 with three (3) fractional digits.

Table 10-4— Format specifications for real numbers

%eor %E Display ‘real’ in an exponential format

%f or %F Display ‘real’ in a decimal format

%gor %G | Display ‘real’ in exponential or decimal format,
whichever format results in the shorter printed output
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10.6.3 Hierarchical name format

Thewnformat specifier does not accept an argument. Instead, it causes the display task
to print the hierarchical name of the module, task, function, or named block which
invokes the system task containing the format specifier. This is useful when there are
many instances of the module which call the system task. One obvious application is
timing check messages in a flip-flop or latch modulegth#ormat specifier pinpoints

the module instance responsible for generating the timing check message.

10.6.4 String format

Thewsformat specifier is used to print ASCII codes as characters. For®ach
specification which appears in a string, a corresponding parameter shall follow the string
in the argument list. The associated argument is interpreted as a sequence of 8-bit
hexadecimal ASCII codes, with each 8 bits representing a single character. If the
argument is a variable, its value shall be right-justified so the right-most bit of the value
is the least-significant bit of the last character in the string. No termination character or
value is required at the end of a string and leading zey@sd never printed.

10.7 Announcing discontinuity

Thesdiscontinuity function is used to give hints to the simulator about the behavior of the
module so the simulator can control its simulation algorithms to get accurate results in
exceptional situations. This function does not directly specify the behavior of the
module .$discontinuity shall be executed whenever the analog behavior changes
discontinuously.

The general form is

$discontinuity[ ( constant_expression )1

whereconstant_expressiomdicates the degree of the discontinuity.
$discontinuity(i) implies a discontinuity in theéth derivative of the constitutive
equation with respect to either a signal value or time wharest be non-negative.
Hence $discontinuity(0) indicates a discontinuity in the equation,
$discontinuity(1) indicates a discontinuity in its slope, etc.

Note: Because discontinuous behavior can cause convergence problems, discontinuity shall be avoided
whenever possible.

The filter functions fransition(), slew(), laplace(), etc.) can be used to smooth discontinuous
behavior. However, in some cases it is not possible to implement the desired
functionality using these filters. In those cases gthezontinuity function shall be
executed when the signal behavior changes abruptly.

Note: Discontinuity created by switch branches and built-in system functions, suahsaisn() and
slew(), does not need to be announced.

10-8 Verilog-AMS Language Reference Manual Version 2.0



Announcing discontinuity System tasks and functions

Examples:
Example 1
The following example uses the discontinuity function to model a relay.

module relay (c1, c2, pin, nin) ;
inout c1, c2 ;
input pin, nin ;
electrical c1, c2, pin, nin ;
parameter real r=1 ;

analog begin
@( crosqV(pin,nin))) $discontinuity ;
if (V(pin,nin) >=0)
I(c1,c2) <+V(c1,c2)Ir;
else
I(c1,c2) <+0;
end
endmodule

In this examplegross()controls the time step so the time when the relay changes position
is accurately resolved. It also triggers $idacontinuity function, which causes the
simulator to react properly to the discontinuity. This would have been handled
automatically if the type of the brangti,c2) had been switched between voltage and
current.

Example 2

Another example is a source which generates a triangular wave. In this case, neither the
model nor the waveforms generated by the model are discontinuous. Rather, the
waveform generated is piecewise linear with discontinuous slope. If the simulator is
aware of the abrupt change in slope, it can adapt to eliminate problems resulting from the
discontinuous slope (typically changing to a first order integration method).

module triangle(out);
output out;
voltage out;
parameter real period = 10.0, amplitude = 1.0;
integer slope;
real offset;

analog begin
@( timer (0, period)) begin
slope = +1;
offset = $abstime;
$discontinuity;
end

@( timer (period/2, period)) begin
slope =-1;
offset = $abstime
$discontinuity ;

end
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V(out) <+ amplitude*slope*
(4*( $abstime- offset)/period - 1);
end
endmodule

10.8 Time related functions

10-10

Thesbound_step()function puts a bound on the next time step. It does not specify exactly
what the next time step is, but it bounds how far the next time point can be from the
present time point. The function takes the maximum time step as an argument. It does
not return a value.

The general form is
$bound_step (expression );

whereexpressions a required argument and represents the maximum timestep the
simulator can advance.

Examples:

The example below implements a sinusoidal voltage source and usesuitie step()
function to assure the simulator faithfully follows the output signal (it is forcing 20
points per cycle).

module vsine(out);
output out;
voltage out;
parameter real freq=1.0, ampl=1.0, offset=0.0;
analog begin
V(out) <+ampl* sin(2.0¥M_PI*freq* $abstime + offset;
$bound_stef0.05/freq);

end
endmodule

For details on thast_crossing()function, see 4.4.10.
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Section 11
Compiler directives

All Verilog-AMS HDL compiler directives are preceded by tledaracter. This
character is called accent grave. It is different from th@racter, which is the single
guote character. The scope of compiler directives extends from the point where it is
processed, across all files processed, to the point where another compiler directive
supersedes it or the processing completes.

This section describes the following compiler directives:

“default_discipline
“default_transition
“define

“else

“endif

“ifdef

“include

“resetall

“undef

Those compiler directives definedIlBEE 1364-1995 Verilog HDlre also supported.

“default_discipline

“default_discipline controls thenet_discipline type created for implicit net declarations
(see 3.4.6). It can be used only outside of module definitions. It affects all modules which
follow the directive, even across source file boundaries. Mulidpteult_discipline

directives are allowed. The latest occurrence of this directive in the source controls the
discipline type of nets which are implicitly declared. Syntax 11-1 shows the syntax for
this directive.

default_discipline_directive ::=
“default_discipline [discipline_identifier [ qualifier ] [ scope ] ]

qualifier ::=
integer |real |reg |
wire |tri |wand |triand |wor |trior |trireg |
tri0 |tril | supplyO|supplyl

scope ::=
instanceidentifier

Syntax 11-1—Syntax for the default discipline compiler directive
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11.2 “default_transition

This directive specifies the default value for rise and fall time for transition filter (see
4.4.8). There are no scope restrictions for this directive. The syntax for this directive is
shown in Syntax 11-2.

default_transition_compiler_directive ::=
“default_transition transition_time
transition_time ::=
constant_expression

Syntax 11-2—Syntax for default transition compiler directive

transition_timeis an real value.

For all transition filters which follow this directive and do not have rise time and fall time
arguments specifiedansition_timeis used as the default rise and fall time values. If
anotherdefault_transition directive is encountered in the subsequent source description,
the transition filters following the newly encountered directive derive their default rise
and fall times from the transition time value of the newly encountered directive. In other
words, the default rise and fall times for a transition filter are derived from the
transition_timevalue of the directive which immediately precedes the transition filter.

If a default_transition directive is not used in the descriptidrgnsition_timds controlled
by the simulator.

11.3 “define and "undef

A text macro substitution facility allows meaningful names to be used to represent
commonly used pieces of text. For example, in the situation where a constant number is
repetitively used throughout a description, a text macro would be useful, as only one
place in the source description needs to be altered if the value of the constant changed.

11.3.1 “define

“define creates a macro for text substitution. This directive can be used both inside and
outside module definitions. After a text macro is defined, it can be used in the source
description by using thecharacter, followed by the macro name. The compiler
substitutes the text of the macro for the stritext_macro_nameAll compiler

directives are considered pre-defined macro names; it is illegal to re-define a compiler
directive as a macro name.

A text macro can be defined with arguments. This allows the macro to be customized for
each use individually.
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The syntax for text macro definitions is shown in Syntax 11-3.

text_macro_definition ::=
“define text_macro_name macro_text

text_macro_name ::=
text_macroidentifier [ ( list_of_formal_argumentg]

list_of formal_arguments ::=
formal_argumentidentifier { , formal_argumentidentifier }

Syntax 11-3—Syntax for text macro definition

The macro text can be any arbitrary text specified on the same line as the text macro
name. If more than one line is necessary to specify the text, the newline shall be preceded
by a backslash §. The first newline not preceded by a backslash shall end the macro
text. The newline preceded by a backslash is replaced in the expanded macro with a
newline (but without the preceding backslash character).

When formal arguments are used to define a text macro, the scope of the formal
arguments extend up to the end of the macro text. A formal argument can be used in the
macro text in the same manner as an identifier.

If a one-line comment (i.e., a comment specified with the characters included in

the text, the comment does not become part of the text substituted. The macro text can
be blank, in which case the text macro is defined to be empty and no text is substituted
when the macro is used.

The syntax for using a text macro shown in Syntax 11-4.

text_macro_usage ::=
“text_macroidentifier [ ( list_of actual _argumenjg

list_of actual _arguments ::=
actual_argument {actual_argument }

actual_argument ::=
expression

Syntax 11-4—Syntax for text macro usage

For a macro without an argument, the text is substituted “as is” for every occurrence of

" text_macroHowever, a text macro with one or more arguments shall be expanded by
substituting each formal argument with the expression used as the actual argumentin the
macro usage.

Once a text macro name has been defined, it can be used anywhere in a source
description; i.e., there are no scope restrictions. Text macros can be defined and used
interactively.
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The text specified for macro text can not be split across the following lexical tokens:

s comments

* numbers
e strings

* identifiers
* keywords

e operators

Examples:
“define M_PI  3.14159265358979323846
“define size 8
electrical [1:" size] vout;

/ldefine an adc with variable delay
“define var_adc(dly) adc #(dly)

/I Given the above macro the following uses
‘var_adc(2) g121 (g21, nl0O, nil);
“var_adc(5) g122 (922, nl0, nil);

/I shall result in:

adc #(2) g121 (g21, n10, n11);
adc #(5) g122 (922, n10, n11);

The following is illegal syntax because it is split across a string.

“define first_half "start of string
$display(‘first_half end of string");

Note 1: Text macro names can not be the same as compiler directive keywords.

Note 2: Text macro names can re-use names being used as ordinary identifiers. For example,
signal_name and'signal_name are different.

Note 3:Redefinition of text macros is allowed; the latest definition of a particular text macro read by
the compiler prevails when the macro name is encountered in the source text.

11.3.2 ‘undef

‘undef undefines a previously defined text macro. An attempt to undefine a text macro
which was not previously defined by @fine compiler directive can result in a warning.
The syntax forundef is shown in Syntax 11-5.
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undefine_compiler_directive ::=
“undef text_macroidentifier

Syntax 11-5—Syntax for undef compiler directive

An undefined text macro has no value.

“ifdef, "else, “endif

These conditional compilation compiler directives are used to optionally include lines of
a Verilog-AMS HDL source description during compilatiafilef checks for the

definition of a variable name. If the variable name is defined, the lines followingfdae
directive are included. If the variable name is not defined anelsadirective exists,

then this source is compiled.

These directives can appear anywhere in the source description.
ifdef, “elsg andendif can be useful when:

— selecting different representations of a module such as behavioral, structural, or
mixed level;

— choosing different timing or structural information; or

— selecting different stimulus for a given simulation run.

Syntax 11-6 shows the syntax fodef, “elsg and endif.

conditional_compilation_directive ::=
“ifdef text_macro_name
first_group_of_lines
[ else
second_group_of_lines
“endif ]

Syntax 11-6—Syntax for conditional compilation directives

text_macro_names a Verilog-AMS HDL identifier. Théirst_group_of_linesand the
second_group_of _linemre parts of a Verilog-AMS HDL source description. Tdie
compiler directive and theecond_group_of _linesre optional.

‘ifdef, “elsg and'endif work in the following manner:

* When anifdef is encounteredext_macro_namis tested to see if it is defined as
atext_macro_namby define within the Verilog-AMS HDL source description.
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* If text_macro_names defined, thdirst_group_of liness compiled as part of
the description. If there is aaisecompiler directive, theecond_group_of _lines
is ignored.

* If text_macro_name has not been defined, tfiest_group_of _linessignored. If
there is anelsecompiler directive theecond_group_of_linas compiled.

Note 1:Any group of lines the compiler ignores still needs to follow the Verilog-AMS HDL lexical
conventions for white space, comments, numbers, strings, identifiers, keywords, and operators.

Note 2: These compiler directives can be nested.

11.5 “include

This directive is used to insert the entire contents of a source file in another file during
compilation. The result is as though the contents of the included source file appear in
place of theinclude compiler directivelinclude can be used to include global or
commonly used definitions and tasks without encapsulating repeated code within
module boundaries.

This directive can be useful in the following situations:

» providing an integral part of configuration management;
» improving the organization of Verilog-AMS HDL source descriptions; or
» facilitating the maintenance of Verilog-AMS HDL source descriptions.

The syntax forinclude is shown in Syntax 11-7.

include_compiler_directive ::=
‘include "filename'

Syntax 11-7—Syntax for include compiler directive

The compiler directivéinclude can be specified anywhere within the Verilog-AMS HDL
description. Thdilenameis the name of the file to be included in the source file. The
filenamecan be a full or relative path name.

Only white space or a comment can appear on the same line'iaslibe compiler
directive.

A file included in the source usingnclude can contain otheinclude compiler directives.
The number of nesting levels for included files are finite.
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Examples:
“include "parts/count.v"

“include "fileA"
“include "fileB" // including fileB

Note: Implementations can limit the maximum number of levels to which include files can be nested,
but this limit shall be a minimum of 15 levels.

11.6 ‘resetall

When theresetall compiler directive is encountered during compilation, all compiler
directives are set to their default values. This is useful for ensuring only those directives
which are desired in compiling a particular source file are active.

To do so, placaesetall at the beginning of each source text file, followed immediately
by the directives desired in the file.

11.7 Predefined macros

Verilog-AMS HDL supports a predefined macro to allow modules to be written whichl
work with bothlIEEE 1364-1995 Verilog HDEand Verilog-AMS HDL.The predefined
macro is called_VAMS_ENABLE__.

This macro shall always be defined during the parsing of Verilog-AMS source text. Its
purpose is to support the creation of modules which are both legal Verilog and Verilog-
AMS. The Verilog-AMS features of such modules are made visible only when the
__VAMS_ENABLE__ macro has previously been defined.

Example:

module not_gate(in, out);
input in;
output out;
reg out;
‘ifdef _ VAMS_ENABLE__
parameter integerdel =1 from [1:100];
“else
parameter del = 1;
“endif
always @in
out = #del lin;
endmodule
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Section 12
Using VPI routines

Sections 12 and 13 specify the Verilog Procedural Interface (VPI) for the Verilog-AMS
HDL. This section describes how the VPI routines are used and Section 13 defines each
of the routines in alphabetical order.

12.1 The VPI interface

The VPI interface provides routines which allow Verilog-AMS product users to access
information contained in a Verilog-AMS design and allow facilities to interact
dynamically with a software product. Applications of the VPl interface can include delay
calculators and annotators, connecting a Verilog-AMS simulator with other simulation
and CAE systems, and customized debugging tasks.

The functions of the VPI interface can be grouped into two main areas:

» Dynamic software product interaction using VPI callbacks

* Access to Verilog-AMS HDL objects and simulation specific objects

12.1.1 VPI callbacks

Dynamic software product interaction shall be accomplished with a registered callback
mechanism. VPI callbacks shall allow a user to request a Verilog-AMS HDL software
product, such as a logic simulator, call a user-defined application when a specific activity
occurs. For example, the user can request the user applicagianonitor()  be called
when a particular net changes valuengrcleanup()  be called when the software
product execution has completed.

The VPI callback facility shall provide the user with the means to interact dynamically
with a software product, detecting the occurrence of value changes, advancement of
time, end of simulation, etc. This feature allows applications such as integration with
other simulation systems, specialized timing checks, complex debugging features, etc. to
be used.

The reasons for providing callbacks can be separated into four categories:

» Simulation evente.g., a value change on a net or a behavioral statement
execution)

« Simulation timge.g., the end of a time queue or after certain amount of time)
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» Simulator action/featurée.g., the end of compile, end of simulation, restart, or
enter interactive mode)

» User-defined system task or function execution

VPI callbacks shall be registered by the user with the functnsgister_cb(),
vpi_register_systf()andvpi_register_analog_systf() These routines indicate the specific

reason for the callback, the application to be called, and what system and user data shall
be passed to the callback application when the callback occurs. A facility is also provided
to call the callback functions when a Verilog-AMS HDL product is first invoked. A

primary use of this facility shall be for the registration of user-defined system tasks and
functions.

12.1.2 VPI access to Verilog-AMS HDL objects and simulation objects

Accessible Verilog-AMS HDL objects and simulation objects and their relationships and
properties are described using data model diagrams. These diagrams are presented in
12.5. The data diagrams indicate the routines and constants which are required to access
and manipulate objects within an application environment. An associated set of routines
to access these objects is defined in Section 13.

The VPI interface also includes a set of utility routines for functions such as handle
comparison, file handling, and redirected printing, which are described in 13.12.

VPI routines provide access to objects inretantiatedVerilog-AMS design. An
instantiated design is one where each instance of an object is uniquely accessible. For
instance, if a modulencontains wirevand is instantiated twice aslandmz, thenm1.w
andm2.w are two distinct objects, each with its own set of related objects and properties.

The VPI interface is designed asimulationinterface, with access to both Verilog-
AMS HDL objects and specific simulation objects. This simulation interface is different
from a hierarchical language interface, which would provide access to HDL information
but would not provide information about simulation objects.

12.1.3 Error handling

To determine if an error occurred, the routipiechk_error() shall be provided. The
vpi_chk_error() routine shall return a nonzero value if an error occurred in the previously
called VPI routine. Callbacks can be set up for when an error occurs as well. The
vpi_chk_error() routine can provide detailed information about the error.

12.2 VPI object classifications

VPI objects are classified with data model diagrams. These diagrams provide a graphical
representation of those objects within a Verilog-AMS design to which the VPI routines
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12.2.1

Version 2.0

shall provide access. The diagrams shall show the relationships between objects and the
properties of each object. Objects with sufficient commonality are placed in groups.
Group relationships and properties apply to all the objects in the group.

As an example, the simplified diagram in Figure 12-1 shows therens-to-many
relationshipsfrom objects of typenodule to objects of typeet and aone-to-one
relationshipfrom objects of typaet to objects of typenodule . Objects of typaet have
properties/piName, vpiVector, andvpiSize, with the C data types string, Boolean, and
integer respectively.

C module )4—»( net )

-> name

str: vpiName

str: vpiFullName
-> vector

bool: vpiVector
-> size

int: vpiSize

Figure 12-1 Object relationships
The VPI object data diagrams are presented in 12.5.

Accessing object relationships and properties

The VPI interface defines the C data typespHandle. All objects are manipulated via a
vpiHandle variable. Object handles can be accessed from a relationship with another
object, or from a hierarchical name, as the following example demonstrates.

Examples:

vpiHandle net;
net= vpi_handle_by namé‘top.m1l.wl”, NULL);

This example call retrieves a handle to wafem1.wl and assigns it to th@iHandle
variablenet TheNULL second argument directs the routine to search for the name from
the top level of the design.

The VPI interface provides generic functions for tasks, such as traversing relationships
and determining property values. One-to-one relationships are traversed with routine
vpi_handle().

Examples:
In the following example, the module containingtis derived from a handle to that net:

vpiHandle net, mod;
net= vpi_handle_by namé‘top.m1l.wl”, NULL);
mod = vpi_handle(vpiModule, net);

Verilog-AMS Language Reference Manual 12-3



Using VPI routines VPI object classifications

The call tovpi_handle() in the above example shall return a handle to madpile1 .

Properties of objects shall be derived with routines irvghget family. The routine
vpi_get() returns integer and Boolean properties. The routpneyet_str() accesses string
properties.

Example:

Toretrieve a pointer to the full hierarchical name of the object referenced by handle
the following call would be made:

char *name =  vpi_get_str(vpiFullName, mod);
In the above example, character pointer name shall now point to thetginimg .

One-to-many relationships are traversed with an iteration mechanism. The routine
vpi_iterate() creates an object of typeilterator , which is then passed to the routine
vpi_scan()to traverse the desired objects.
Examples:
In the following example, each net in modwiem1 is displayed:

vpiHandle itr;

itr = vpi_iterate(vpiNet,mod);

while (net = vpi_scaritr) )

vpi_printf (“\t%s\n”, vpi_get_str(vpiFullName, net) );

As the above examples illustrate, the routine naming conventioaps@efix with *_’
word delimiters (with the exception of callback-related defined values, which usbthe

prefix). Macro-defined types and properties havevfiigrefix and they use
capitalization for word delimiters.

The routines for traversing Verilog-AMS HDL structures and accessing objects are
described iIHEEE 1364-1995 Verilog HDLsection 22.

12.2.2 Delays and values

Properties are of type integer, boolean, real or string. Delay and logic value properties,
however, are more complex and require specialized routines and associated structures.
The routinespi_get_delays()andvpi_put_delays()use structure pointers, where the

structure contains the pertinent information about delays. Similarly, simulation values
are also handled with the routings get_value()andvpi_put_value(), along with an

associated set of structures. For analog tasks and funefomandle_multi() and
vpi_put_value() support declaration and assignment of derivatives for the task arguments
and function return values.

The routines and C structures for handling delays, derivatives, and logic values are
presented inEEE 1364-1995 Verilog HDLsection 22.
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12.3 List of VPI routines by functional category
The VPI routines can be divided into groups based on primary functionality.
» VPI routines for simulation-related callbacks
» VPI routines for system task/function callbacks
* VPl routines for traversing Verilog-AMS HDL hierarchy
* VPI routines for accessing properties of objects
» VPI routines for accessing objects from properties
* VPI routines for delay processing
* VPl routines for logic and strength value processing
* VPl routines for task parameters derivatives processing
* VPI routines for analysis and simulation time processing
» VPI routines for miscellaneous utilities

Table 12-1 through Table 12-9 list the VPI routines by major catedBBE 1364-1995
Verilog HDL, Section 22 defines each of the VPI routines, listed in alphabetical order.

Table 12-1—VPI routines for simulation related callbacks

To Use
Register a simulation-related callback vpi_register_ch()
Remove a simulation-related callback vpi_remove_ch()
Get information about a simulation-related callback vpi_get_cb_info()

Table 12-2—VPI routines for system task/function callbacks

To Use
Register a system task/function callback vpi_register_systf()
Get information about a system task/function callback vpi_get_systf_info()
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Table 12-3—VPI routines for analog system task/function callbacks

To Use
Register a analog system task/function callback vpi_register_analog_systf()
Get information about a analog system task/function callback vpi_get_analog_systf_info()

Table 12-4—VPI routines for traversing Verilog-AMS HDL hierarchy

To Use
Obtain a handle for an object with a one-to-one relationship vpi_handle()
Obtain handles for objects in a one-to-many relationship vpi_iterate()
vpi_scan()
Obtain a handles for an object in a many-to-one relationship vpi_handle_multi()

Table 12-5—VPI routines for accessing properties of objects

To Use
Get the value of objects with types of int or bool vpi_get()
Get the value of objects with types of string vpi_get_str()
Get the value of objects with types of real vpi_get_real()

Table 12-6—VPI routines for accessing objects from properties

To Use
Obtain a handle for a named object vpi_handle_by name()
Obtain a handle for an indexed object vpi_handle_by_index()

Table 12-7—VPI routines for delay processing

To Use
Retrieve delays or timing limits of an object vpi_get_delays()
Write delays or timing limits to an object vpi_put_delays()
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Table 12-8—VPI routines for logic, real, strength and analog value processing

To

Use

Retrieve logic value or strength value of an object

vpi_get_value()

Write logic value or strength value to an object

vpi_put_value()

Retrieve values of an analog object

vpi_get_analog_value()

Table 12-9—VPI routines for analysis and simulation time processing

To

Use

Find the current simulation time or the scheduled time of future eve

2Nts

vpi_get_time()

Find the current simulation time value in the continuous domain.

vpi_get_analog_time()

Find the current simulation time delta value in continuous domain.

vpi_get_analog_delta()

Find the current simulation frequency in the small-signal domain.

vpi_get_analog_freq()

Table 12-10—VPI routines for miscellaneous utilities

To

Use

Write to stdout and the current log file

vpi_printf()

Open a file for writing

vpi_mcd_open()

Close one or more files

vpi_mcd_close()

Write to one or more files

vpi_mcd_printf()

Retrieve the name of an open file

vpi_mcd_name()

Retrieve data about product invocation options

vpi_get_vlog_info()

See if two handles refer to the same object

vpi_compare_objects()

Obtain error status and error information about the previous call to
VPI routine

vpi_chk_error()

Free memory allocated by VPI routines

vpi_free_object()

12.4 Key to object model diagrams

This clause contains the keys to the symbols used in the object model diagrams. Keys are
provided for objects and classes, traversing relationships, and accessing properties.
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12.4.1

Key to object model

Diagram key for objects and classes

Object Definition

Bold letters in a solid enclosure indicate an object definition. T
properties of the object are defined in this location.

o
=)
)
o)
(o d

Object Reference:

Normal letters in a solid enclosure indicate an object reference.

Class Definition:

Bold italic letters in a dotted enclosure indicate a class definitic
where the class groups other objects and classes. Properties g
class are defined in this location. The class definition can contain
object definition.

Class Reference:

Italic letters in a dotted enclosure indicate a class reference.

Unnamed Class:

A dotted enclosure with no name is an unnamed class. It is someti
convenient to group objects although they shall not be referenced
group elsewhere, so a name is not indicated.

12-8
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12.4.2 Diagram key for accessing properties

: Integer and Boolean properties are accessed with the routine
C_obj )
vpi_get().
-> vector L . . . L
bool: vpiVector Example. Given a_/p|HandIe obj_h to an object of typepiObj, get
> size the size of the object.
int: vpiSize bool vect_flag = vpi_get(vpivector, obj_h);

int size = vpi_get_size(vpiSize, obj_h);

( Obj ) String properties are accessed with routipie get_str().

-> name Example:

str: vpiName

str- vpiFullName char name[nameSize];

vpi_get_str(vpiName, obj_h);

( object ) Complex properties for time and logic value are accessed with the
indicated routines. See the descriptions of the routines for usage.
-> complex
funci()
func2()
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12.4.3

Key to object model diagrams

Diagram key for traversing relationships

ref

A single arrow indicates ane-to-onerelationship accessed
with the routinevpi_handle().

Example: GivenvpiHandle variable ref_h of type ref, access
obj_h of typevpiObj:

obj_h = vpi_handle(vpiObj, ref_h);

ref

vpiTag

A taggedone-to-onerelationship is traversed similarly, using
vpiTag instead of/piOb;j :

Example:

obj_h = vpi_handle(vpiTag, ref_h);

e t

A top-level one-to-oneaelationship is traversed similarly, using
NULL instead of ref_h:

Example:

obj_h = vpi_handle(vpiObj, NULL);

ref

A double arrow indicates ane-to-manyrelationship accessed
with the routinevpi_scan()

Example: GivenvpiHandle variable ref_h of type ref, scan
objects of type/piObj :

itr = vpi_iterate(vpiObj, ref_h);
while (obj_h = vpi_scan(itr) )
[* process ‘obj_h" */

ref

vpiTag

A taggedone-to-manyelationship is traversed similarly, using
vpiTag instead of/piObj :

Example:
itr = vpi_iterate(vpiTag, ref_h);

while (obj_h = vpi_scan(itr) )
[* process ‘obj_h’ */

i ¢

A top-level one-to-manyrelationship is traversed similarly,
using NULL instead of ref_h:

Example:

itr = vpi_iterate(vpiObj, NULL);
while (obj_h = vpi_scan(itr) )
/* process ‘obj_h’*/
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12.5 Object data model diagrams

Subclauses 12.5.1 through 12.5.26 contain the data model diagrams which define the
accessible objects and groups of objects, along with their relationships and properties.
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12.5.1 Module
vpiInternalSPpr _________
(' module )e—»{ scope )
> cell —»(_ port )
bool: vpiCellinstance
-> decay time e ( net )
int: vpiDefDecayTime
-> default net type ( reg )
int: vpiDefNetType s _vé_ri_a_b_/éé_ N
-> definition locaton | =~ =0 Z—-—---------- ’
int: vpiDefLineNo —»( memory )
str: vpiDefFile
-> definition name —»(named event)
str: vpiDefName e N
-> delay mode g - RI‘Q_C_G_S:S_ _
int: Yp/DefDelayMode ( cont assi gn)
-> location
int: vpiLineNo -
str: vpiFile (_ — _rr]?_d_u_l?_ — )
-> name —»»  primitive )
str: vpiName | = S —-—=—m—mmm—mm-- ’
str: vpiFullName »( mod path
-> protected P )
bool: vpiProtected —»( tchk )
-> timeprecision
int: vpiTimePrecision b ( parameter )
-> timeunit - (
int: vpiTimeUnit SPEC param )
-> top module —»(  def param
bool: vpiTopModule P )
-> unconnected drive —»(param assign)
int: vpiUnconnDrive _
—»»( iodecl )
——>»<__branches__,
—==___nodes___,
NOTES

Object data model diagrams

1—Top-level modules shall be accessed uspigiterate() with a NULL reference object.

2—Passing a NULL handle tepi_get() with types vpiTimePrecision or vpiTimeUnit shall return the smallest time
precision of all modules in the instantiated design.
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12.5.2 Nature, discipline

( discipline »—s(param assign)

vpiFlowNature

——( nature

—»ﬁ. - nature
vpiPotentialNatur:

S

-> nName
str: vpiName
str: vpiFullName

(discipline )«e—{ nature ——s»(param assign)

nhature | t— L nature
( vpiChild vpiParent ( )

-> name
str: vpiName
str: vpiFullName
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12.5.3

Scope, task, function, 10 declaration

—————

Object data model diagrams

— »/ Scope  .«————»»(named event)
modue | vaiies
: taskfunc ': ——»»(  reg )
priiiiiig

----- ~  {_named begin ) —»(_def param )

/, I

\
named fork ):

(' module )e—0
( udpdefn )e—r1o

( parameter )

~

/" taskfunc \<q—

-> |ocation
int: vpiLineNo
str: vpiFile

- .- -,

-> name —»l; SCOpe ,‘
str: vpiName o Nl
str- vpiFullName vpilnternalScope

{__ net
|
|
4-re '
VPIEXPr N g_ — :
" variables )
Nm—m—m—mm—m———
T
10 dec vpiLeftRange \____p____"
-> direction e mm—— = N
e Yp/D/rect/on ' vpiRightRange - _e _X p _I’ .
-> location
int: vpiLineNo
str: vpiFile
-> name
str: vpiName
-> scalar
bool: vpiScalar
-> size
int: vpiSize
-> vector

NOTE—A Verilog-AMS HDL function shall contain an object with the same name, size, and type as the function.
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12.5.4 Ports

C modgle )

—>[

R AP N - N
/ po rts | vpiHighConn
=== A .
s -
N Po I ) vpiLowConn
: vpiParent
| ‘

—>
L vpiBit \
| . |
( port bit )
AN .

-> connected by name
bool: vpiConnByName

-> delay (mipd)
vpi_get_delays()
vpi_put_delays()

-> direction
int: vpiDirection

-> explicitly named

bool: vpiExplicitName

-> index
int: vpiPortindex
-> |ocation
int: vpiLineNo
str: vpiFile
-> name
str: vpiName
str: vpiFullName
-> scalar
bool: vpiScalar
-> size
int: vpiSize
-> vector
bool: vpiVector

NOTES

1—vpiHighConn shall indicate the hierarchically higher (closer to the top module) port connection.

2—vpiLowConn shall indicate the lower (further from the top module) port connection.

Using VPI routines

3—Propertiescalarandvectorshall indicate if the port is 1 bit or more than 1 bit. They shall not indicate anything about what

is connected to the port.

4—Propertiesndexandnameshall not apply for port bits.

5—If a port is explicitly named, then the explicit name shall be returned. If not, and a name exists, that name shall be returned.

Otherwise, NULL shall be returned.

6—uvpiPortindex can be used to determine the port order.

Version 2.0 Verilog-AMS Language Reference Manual
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Nodes

( modqle )

12.5.5

node

_________ - \

wqt—» VpiBit

-> implicitly declared

bool: vpilmplicitDecl

-> |ocation
int: vpiLineNo
str: vpiFile
-> name
str: vpiName
str: vpiFullName
-> scalar
bool: vpiScalar
-> size
int: vpiSize
-> vector
bool: vpiVector

NOTES

Object data model diagrams

— expr \,
| vpiLeftRange™ ~~~ """ T "7
ST T N
—> expr !
woiRightRange ~~~~ """~~~
‘ expr
vpilndex ~~T"T"TTT"TTTTC ’

1—Propertiescalarandvectorshall indicate if the node is 1 bit or more than 1 bit.
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12.5.6 Branches
( modue )
A P - —>'\ expr )
/. branches | vpiLeftRange™ =~~~ " "7 77" .
[ e - | jem—mm—m—m————- -~
v s expr )
P, »l‘\ branch )l vpiRightRange™~~~~"~""""7" ’
N nodes &= vpiParent '
-~ - ~-----""vypiPosNode , :
" nodes ,a—— L N
----------"vypiNegNode ' ’
',———_——_—'—_——— : : vpilndex \____ea(_p[____z'
. Discipline < 1 vpisit :
| Y \ e m,——_,————_———
branch P - '
l( : vpiFlow - _Q_l{a_,zt_lt_y_ _- '
N . S
. —»\ Quantity
-> |ocation vpiPotential ~~ - -< - - -2 —- .
int: vpiLineNo
str: vpiFile
-> name

str: vpiName

str: vpiFullName
-> scalar

bool: vpiScalar
-> size

int: vpiSize
-> vector

bool: vpiVector

NOTE—Propertiescalarandvectorshall indicate if the branch is 1 bit or more than 1 bit.

Version 2.0
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12.5.7 Quantities

. — expr )
/" Quantities ___|vpiLeftRange ===~ " """ ’
fm————————-=-- ) oo
e . )‘ — ! expr )
P : l‘\ QU antlty ! vpiRightRa}g'e """"" ’
* Branches e E— vpiParent
“““““ vpiBranch !

' e m e e, e, mmm__- =
— ! Contribs
| ___________
—————————— :
vpiBit :

|
|~ A | ," __________ \
‘ Quantity )‘:—V,,,-,nde’x\____e_x_p_r___x’

/7

-> implicitly declared
bool: vpilmplicitDecl
-> real value
vpi_get_analog_value()
-> imaginary value
vpi_get_analog_value()
-> scalar
bool: vpiScalar
-> size
int: vpiSize
-> vector
bool: vpiVector
-> source
bool: vpiSource

-> equation target
bool: vpiEquationTarget
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12.5.8 Nets
———————— - vpiPortinst ST T 0T TTTN
\ \ > expr
\\_[_J_OIZ;S__ ’ vpiLeftRange \\ _____ 'q .
" ports = expr
________ ’ VpiHighConn Vp iR Igh tRang e r‘—_—_—_—_—_—_—_—_—_ .
{ assign stmt ),
vpiLowConn ;T T T T AN i ! \
! nets ‘ vpiLoad |\ oo T N
4, |
toooomoooo T ( force )
module e
— | ———»=(_prim term )
\ VpiParent : \ - :
| | ——»( cont assign
| |
. \vpiDe/ay : \ —.H\ _________ -\
| [ / ST T T T TS ST T T
\ expr  4— | e ' ports )
""""" \ \ D
|
D vt |  ———»»(_path term )
\___hode _a—— |
|
—— J— ; \ ————»(_tchk term )
( discipline )47. \ e ——
X net bit /4 vpilndex - _e_X_p_r_ .
-> delay -> net decl assign -> strength
vpi_get_delays() bool: vpiNetDeclAssign int: vpiStrengthO
int: vpiStrengthl
-> expanded -> net type Int: vpt.
bool: vpiExpanded int: vpiNetType S ”Im vpiChargestrength
-> implicitly declared -> scalar i v?/uie et value()
bool: vpilmplicitDecl bool: vpiScalar Vg i_g ut value 0
-> |ocation -> scalared declaration >vector
int: vpiLineNo bool: vpiExplicitScalared bool: vpiVector
str: vpiFile -> size ) .
_> name N -> vectored declaration
str: vpiName int: vpiSize bool: vpiExplicitVectored
S -> domain
str: vpiFullName int vpiDomain
NOTES

1—For vectors, net bits shall be available regardless of vector expansion.

2—Continuous assignments and primitive terminals shall be accessed regardless of hierarchical boundaries.

3—Continuous assignments and primitive terminals shall only be accessed from scalar nets or bit selects.

4—ForvpiPortinst andvpiPort, if the reference handle is a bit or the entire vector, the relationships shall return a handle to
either a port bit or the entire port, respectively.

5—For implicit netsypiLineNo shall returr0, andvpiFile shall return the filename where the implicit net is first referenced.
6—Only active forces and assign statements shall be returnegifoad.
7—Only active forces shall be returned ¥piDriver .

8—uvpiDriver shall also return ports which are driven by objects other than nets and net bits.
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1259  Regs

fSSTTT T T vpiPortinst -~~~ """ "7~
{  ports | s> ports
. " oo T T T ~
vpiLowConn vpiHighConn -
. force )
———— \'
;T = . | vpiDriver ( assign stmt
/ regs \ :(\ — 9 _____ —
| ! - |
E [———>{_prim term
| |
! N e r— !
________ \ \| vpilLoad : - '
s l \ N
’\ scope \, reg ) ——»Ccont aSS|gnf,
EvpiParent : pmmmmm————— N
\ 4
P expr )
: || vpiLeftRange - @ e
! \ mmm——————— -
\ > \
: E vpiRightRange \_ _ _ _ ?)_(l_j ,: !
! vpiBit \
E L »( tchkterm )
|
| \ ST TT T T T =
. , \
( reg bit /' vpilndex = _expr
AN PR
-> |ocation
int: vpiLineNo
str: vpiFile
-> name
str: vpiName
str: vpiFullName
-> scalar
bool: vpiScalar
-> size
int: vpiSize
-> value
vpi_get value()
vpi_put_value()
-> vector
bool: vpiVector
NOTES

1—Continuous assignments and primitive terminals shall be accessed regardless of hierarchical boundaries.
2—Continuous assignments and primitive terminals shall only be accessed from scalar regs and bit selects.

3—Only active forces and assign statements shall be returnegilfoad andvpiDriver.
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str: vpiFullName
-> size

12.5.10 Variables, named event
TTTTTTETETTT vpiPortinst .~~~ -—"~"—"===<
\ por ts \,« g por s \,
vpiLowConn
———————————— N
R e expr R mmm
\_ scope |<+—»»' yariables | ~———""""""---
——————————— ‘ L vpilndex
T expr “int )
S e —
N 7, . 4—
——————————— vpiLeftRange I'\m eger var \vpiParent
| |
T avpr M ( time var Jet——]
Xpr ———— :
o expr_ . vpiRightRange | : vpiParent
real var )
\ I'
-~ .
-> array ‘
bool: vpiA
e ( var select j—
int: vpiLineNo -> location
str: vpiFile int: vpiLineNo
-> name str: vpiFile
str: vpiName -> value

vpi_get_value()
vpi_put_value()

int: vpiSize
->value

vpi_get_value()

vpi_put_value()

-> domain
int: vpiDomain

i

,u—»@amed event)

-> |ocation
int: vpiLineNo
str: vpiFile

-> name
str: vpiName
str: vpiFullName

NOTE—vpiLeftRange andvpiRightRange shall be invalid for reals, since there can not be arrays of reals.
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12.5.11  Memory

( memory )4’

-> |ocation
int: vpiLineNo
str: vpiFile
-> name
str: vpiName
str: vpiFullName
-> size
int: vpiSize

NOTES

Object data model diagrams

vpiLeftRange jmmmmmmmm— - ~N
—>I
. expr__ .
lvpiRightRange -———— _e 2(_p[ I
vpiParent
L exer
vpilndex
vpiLeftRange ,----------- -
—>.___expr
‘»®emoryword )7 i
g expr

vpiRightRange “_

-> location
int: vpiLineNo
str: vpiFile

-> nhame
str: vpiName
str: vpiFullName

-> size
int: vpiSize

-> value
vpi_get_value()
vpi_put_value()

1—uvpiSizefor a memory shall return the number of words in the memory.

2—uvpiSize for a memory word shall return the number of bits in the word.

12-22
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12.5.12  Parameter, specparam

e m—m e —m—————— —

Using VPI routines

)4—»»( parameter

—_——_—m e e m— e ————

)—»( expr

-> constant type

int: vpiConstType

-> |ocation
int: vpiLineNo
str: vpiFile

-> name
str: vpiName

str: vpiFullName

-> value
vpi_get_value()

module )4—»( spec param

e
\

-> constant type

int: vpiConstType

-> |ocation
int: vpiLineNo
str: vpiFile

-> nName
str: vpiName

str: vpiFullName

-> value
vpi_get value()

def param )7

-> |ocation

4”_;( parameter )

vp

o -

int: vpiLineNo
str: vpiFile

param assign}

-> |ocation
int: vpiLineNo
str: vpiFile

NOTES

1—Ohbtaining the value from the objegarameter shall return the final value of the parameter after all module instantiation

overrides and defparams have been resolved.

2—vpiLhs from a param assign object shall return a handle to the overridden parameter.

Version 2.0
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12.5.13 Primitive, prim term

( module )

C gate ]

C switch );

( udp defn )4—( udp ).
lg device ):

-> definition name
str: vpiDefName
-> delay
vpi_get_delays()
vpi_put_delays()
-> |ocation
int: vpiLineNo
str: vpiFile
-> name
str: vpiName
str: vpiFullName
-> primitive type
int: vpiPrimType
-> number of inputs
int: vpiSize
->strength
int: vpiStrengthO
int: vpiStrength1
-> value
vpi_get value()
vpi_put_value()
-> domain
int: vpiDomain

NOTES

1—uvpiSize shall return the number of inputs.

e —————— — —

Object data model diagrams

-> direction

int: vpiDirection
-> index

int: vpiTermindex
-> |ocation

int: vpiLineNo

str: vpiFile
->value

vpi_get _value()

2—For primitivesypi_put_value() shall only be used with sequential UDP primitives.

Verilog-AMS Language Reference Manual
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12.5.14 UDP

O (__up )

C udp defn )4 »( io decl )

-> definition name
str: vpiDefName

-> |ocation
int: vpiLineNo
str: vpiFile »C table entry )
-> number of inputs -> |ocation
int: vpiSize int: vpiLineNo
> protected str: vpiFile
bool: vpiProtected -> number of symbol entries
-> type int: vpiSize
int: vpiPrimType -> value

vpi_get value()

> inial )

NOTE—Only string (decompilation) and vector (ASCII values) shall be obtained for table entry objectvpisiggt_value()
Refer to the definition ofpi_get_value()for additional details.
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Object data model diagrams

12.5.15  Module path, timing check, intermodule path
C module ) fmmTmoooeoes T N
ey © ___ &XPT oo ____expr
( mod path )= _ »C path term )
vpiModPathin . -

-> delay vpiModPathout ~ -> direction
vpi_get_delays() vpiModDataPathin int: vpiDirection
vpi_put_delays() > edge

-> |ocation SOOI ~N int: vpiEdge
int: vpiLineNo vpiCondition ~ < _ _ _ _e _X P _r_ . -> location
str: vpiFile int: vpiLineNo

-> path type str: vpiFile
int: vpiPathType

-> polarity

int: vpiPolarity

S VL . . N
int: vpiDataPolarity Qnter mod p ath ) . ports '
-> haslfNone A N ’
bool: vpiModPathHasIfNone -> delay
vpi_get_delay()
vpi_put_delay()
( module )
O avnr \
vpiDelay >\ o _e_)ip_r_ =
tchk term  —
( tchk vpiTchkRefTerm C
> limit vpiTchkDataTerm -> edge
vpi_get_delays() int: Yp/Edge
vpi_put_delays() -> |ocation
-> |ocation int: vpiLineNo
int: vpiLineNo str: vpiFile
str: vpiFite |  ___________
-> tchk type expr \'4_
int: vpiTchkType N O ’
vpiTchkNotifier + é)'(b; TN
P YOO T o expr /" vpiCondition

L regs )

NOTES

1—ThevpiTchkRefTerm is the first terminal for all tchks excefsetup wherevpiTchkDataTerm is the first terminal and
vpiTchkRefTerm is the second terminal.

2—To get to an intermodule patipi_handle_multi(vpilnterModPath, portl, port2) can be used.
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12.5.16 Task and function call

( task H task call ]

e mm—m—m——————-

\_SYs task call )

J
O vpiSysTfCall >lf :—>(USGY SyStf )
\_sys func call ) > systf info

p_vpi_systf data:
vpi_get_systf_info()

:-> user-defined
bool: vpiUserDefn

|
|
|
|
:
|
: vpi_put_value() \
: vpi_get_value() :
-> Sys func type :
\ int: vpiSysFuncType
\ A

-> tf name
str: vpiName
-> |ocation
int: vpiLineNo
str: vpiFile

NOTES
1—The system task or function which invoked an application shall be accessegiwlitandle(vpiSysTfCall, NULL)
2—uvpi_get_value()shall return the current value of the system function.

3—If the vpiUserDefn property of a system task or function call is true, then the properties of the corresponding systf object
shall be obtained viepi_get_systf_info()

4—All user-defined system tasks or functions shall be retrieved wgingterate(), with vpiUserSystfas the type argument,
and a NULL reference argument.
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12.5.17  Continuous assignment

—— expr )
VpiRhs —-—-—--—------ .
C module )«»(contassign jommmmmmm - N
— expr )
-> delay VpiLhs =—======-=-==-~ .
vpi_get_delays() R N
-> |ocation A expr )
int: vpiLineNo vpiDelay ~~~~"-------
str: vpiFile

-> net decl assign

bool: vpiNetDeclAssign
-> strength

int: vpiStrengthO

int: vpiStrength1
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12.5.18  Simple expressions

< 'simple expr "\ o — \
:::::::::::::‘. vpiUsek pl’lmtel’m )l
"’ nets A I '
:;:::::::::::’\I ( path term ):
oo T89S | :
PR JR— N tchk term )
\__Variables P —— -
R | .‘ port .
( parameter T |
. N
i( | \____stmt___ .
memory ) ! .
: ! ( cont assign)
( varselect r— N ______ -
! \
)
(memory word)'—
AN ,/, SO T T T T T T T \
—————————— —> expr ;
-> hame vpilndex\\ -————- p ————— ‘

str: vpiName
str: vpiFullName

NOTES
1—For vectors, thgpiUserelationship shall access any use of the vector or part-selects or bit-selects thereof.

2—For bit-selects, thepiUse relationship shall access any specific use of that bit, any use of the parent vector, and any part-
select which contains that bit.
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12.5.19  Expressions

\ simple expr |

vpiParent : ,m—————----- N
\ . -\ ex p r )
! vpiLeftRange ~eo 2 .

(part select L _

| -> ocation
int: vpiLineNo
str: vpiFile

T ——
vpiRightRange \ — - _ 212 ___ .

operation
-> operation type
int: vpiOpType

g
\ vpiOperand N 2o -
:
|
| -> location
|
|
|
|

int: vpiLineNo
str: vpiFile

. constant
: -> constant type
\ int:

: vpiConstType
|

|

|

-> |ocation
int: vpiLineNo

NS NN

( func call

(sys func call)

:(analog oper): —»(_ discipline )

'(accessfunc ):—
\ S L————( branches )

-> size
int: vpiSize
-> value
vpi_get value()

NOTE—For an operator whose typevgMultiConcat , the first operand shall be the multiplier expression.
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12.5.20 Contribs

L2 1
! \
: TS T T T T = : l, ___________ \
(indflow ) [wihs N
(.
Ve — | e
ind potential q ,
NP A s o expr
___________ ! P |
(__branches ‘e——— I
___________ - -
'F:/ \
__flow ) T
v : N vpiRhs it g
\__potential
\ ~N_mmmm_m_—_——— ‘N
\ __________ ,,'
-> value
vpi_get_value()
-> direct
bool:vpiDirect
-> flow

bool: vpiFlow
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12.5.21 Process, block, statement, event statement

'( initial

—_—m e, m e ————

l( always )'

___________¢

( analog )'

-> Iocatlon

int: vpiLineNo
str: vpiFile

-> |ocation

int: vpiLineNo
str: vpiFile

@vent stmt ‘->’)—>(named evenD

-> |ocation

int: vpiLineNo
str: vpiFile

12-32
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.( if ):
( ifelse )
(_ while )
(__ repeat ).
.( wait ).
.( case ]l
.( for ).
(delay control)

(event control )
(_event stmt )
( asagnment)
( assign stmt]
( deassign )
(_ disable )

P e = 5

(__ forever ).

(__ force ).
E( release )

( null stmt )

|
.

Version 2.0
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12.5.22  Assignment, delay control, event control, repeat control

I piLhs delay controD
( expr -
TTTTTTToTTo ’ —(assignment event controD
___________ vpiRhs -
! expr \,4_ -> blocking

N ol ____ . bool: vpiBlocking _>€epeat controD

-> |ocation
int: vpiLineNo
str: vpiFile

@elay control ‘# )——w _____ stmt )

-> delay _
vpi_get delays() vpiDelay — ,-====--===-= ™
—>l
-> location N _qx_p_r_ -
int: vpiLineNo
str: vpiFile

@Vent control ‘@’ }—H, ___________ \

-> |ocation
int: vpiLineNo
str: vpiFile

[
\

(‘repeat control y——»  expr )

-> |ocation
int: vpiLineNo
str: vpiFile —»(eve nt con tI’OD

NOTE—For delay control and event control associated with assignment, the statement shall always be NULL.
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12.5.23  While, repeat, walit, for, forever

. - expr )
( while ) vpiCondition — - - - - - P _____ ‘
|

-> |ocation
int: vpiLineNo
str: vpiFile

for ) = stmt
( J VPIFOrINitStMt = = = = — = = = — — - J
-> |ocation pmmmmm=——--- N
int: vpiLineN. - expr
Isntr.- V;JJI/FIII/?: ? vpiCondition ™~ - - - - - ? ---- -
) '\ stmt \
VpiForincStmt ™ - = = = = ——— - - - -
ST T T T T T AN
- stmt )

—_——m e e —m—————

/ A
(_ forever »————»{  stmt )

-> |ocation
int: vpiLineNo
str: vpiFile
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12.5.24 If, if-else, case

-——— - - e ———— - —— -

-> |ocation
int: vpiLineNo
str: vpiFile

’ \
— case F________.\\___f?qyl___/

vpiCondition
-> case type

int: vpiCaseType
-> |ocation

int: vpiLineNo

str: vpiFile

»C case item )7_ .y expr \
> locaton |

int: vpiLineNo
str: vpiFile

vpiStmt

NOTES

1—Thecase itenshall group all case conditions which branch to the same statement.

2—uvpi_iterate() shall return NULL for the default case item since there is no expression with the default case.
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12.5.25  Assign statement, deassign, force, release, disable

4 —— expr
:'( force ):_ piRhs = mm pr__.
(assignstmt ) Lo Tapr
N —mmm————- - wpiLhs ——-—-—-—--=-=---- ’
-> |ocation
int: vpiLineNo
str: vpiFile

e —m———————-

expr
| | .
( release }  vpiths S--omtomoe
->location

int: vpiLineNo

str: vpiFile

e M a— N
(__disable wiscope { function

-> |ocation \ \
|

int: vpiLineNo y
str: vpiFile ( task )

E(named forkj
(named begi@:
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12.5.26  Callback, time queue

oSS T == \
( callback )«——»\ expr )
-> cb info
p_ch_data: :
vpi_get_cb_info() 4>( prim term )
—( stmt )

—»(time queue )
vpiParent

O

¥
(time gueue )

-> time
vpi_get_time()

NOTES

1—To get information about the callback object, the routieget_cb_info()can be used.

2—To get callback objects not related to the above objects, the second argwperitarate() shall be NULL.
3—The time queue objects shall be returned in increasing order of simulation time.

4—uvpi_iterate() shall return NULL if there is nothing left in the simulation queue.

5—If any events after read only sync remain in the current queue, then it shall not be returned as part of the iteration.
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Section 13
VPI routine definitions

This section describes the Verilog Procedural Interface (VPI) routines, explaining
their function, syntax, and usage. The routines are listed in alphabetical order. The
following conventions are used in the definitions of the VPI routines.

Synopsis:A brief description of the PLI routine functionality, intended to be used
as a quick reference when searching for PLI routines to perform specific tasks.

Syntax: The exact name of the PLI routine and the order of the arguments passed
to the routine.

Returns: The definition of the value returned when the PLI routine is called, along
with a brief description of what the value represents. The return definition contains
the fields

* Type: The datatype of the C value which is returned. The data type is either
a standard ANSI C type or a special type defined within the PLI.

» Description: A brief description of what the value represents.

Arguments: The definition of the arguments passed with a call to the PLI routine.
The argument definition contains the fields

* Type: The data type of the C values which are passed as arguments. The
data type is either a standard ANSI C type or a special type defined within
the PLI.

* Name: The name of the argument used in Slyataxdefinition.
» Description: A brief description of what the value represents.

All arguments shall be considered mandatory unless specifically noted in the
definition of the PLI routine. Two tags are used to indicate arguments that might not
be required:

* Conditional: Arguments tagged as conditional shall be required only if a
previous argument is set to a specific value or if a call to another PLI routine
has configured the PLI to require the arguments. The PLI routine definition
explains when conditional arguments are required.

» Optional: Arguments tagged as optional can have default values within the
PLI, but they can be required if a previous argument is set to a specific
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value, or if a call to another PLI routine has configured the PLI to require the
arguments. The PLI routine definition explains the default values and when

optional arguments are required.

Related routines:A list of PLI routines which are typically used with, or provide similar
functionality to, the PLI routine being defined. This list is provided as a convenience to
facilitate finding information in this standard. It is not intended to be all-inclusive and it

does not imply the related routines have to be used.
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13.1 vpi_chk_error()

vpi_chk_error()

Synopsis: Retrieve information about VPI routine errors.
Syntax: vpi_chk_error(error_info_p)
Type Description
Returns: int returns the error severity level if the previous VPI routine call resulted in an error ghd
FALSE if no error occurred
Type Name Description
Arguments: p_vpi_error_info error_info_p Pointer to a structure containing error information

The VPI routinevpi_chk_error() shall return an integer constant representing an error
severity level if the previous call to a VPI routine resulted in an error. The error constants
are shown in Table 13-1. If the previous call to a VPI routine did not result in an error,
thenvpi_chk_error() shall returrFALSE. The error status shall be reset by any VPI routine
call excepupi_chk_error(). Callingvpi_chk_error() shall have no effect on the error status.

Table 13-1—Return error constants for vpi_chk_error()

Error constant Severity level
vpiNotice lowest severity
vpiWarning
VpiError
vpiSystem
vpilnternal highest severity
If an error occurred, the vpi_error_info structure shall contain information about
the error. If the error information is not neededjw@iLL can be passed to the routine. The
s_vpi_error_info structure used bypi_chk_error() is defined invpi_user.h  and is

listed in Figure 13-1.

typedef struct t_vpi_error_info {
int state;  /* vpi[Compile,PLI,Run] */
int level;  /* vpi[Notice, Warning, Error, System, Internal] */
char *message;
char *product;
char *code;
char *file;
int line;
} s_vpi_error_info, *p_vpi_error_info;

Figure 13-1 The s_vpi_error_info structure definition
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13.2 vpi_compare_objects()

vpi_compare_objects()
Synopsis: Compare two handles to determine if they reference the same object.
Syntax: vpi_compare_objects(objl, obj2)
Type Description
Returns: bool true if the two handles refer to the same object. Otherwise, false
Type Name Description
Arguments: vpiHandle obj1 Handle to an object
vpiHandle obj2 Handle to an object
The VPI routinevpi_compare_objects()shall returnrRUEIf the two handles refer to the
same object. OtherwiseALSE shall be returned. Handle equivalence can not be
determined with a C ‘=="comparison.
13-4 Verilog-AMS Language Reference Manual
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13.3 vpi_free object()

vpi_free_object()

Synopsis:

Free memory allocated by VPI routines.

Syntax:

vpi_free_object(obj)

Returns:

Type Description

bool true on success and false on failure

Arguments:

Type Name Description

vpiHandle obj Handle of an object

Version 2.0

The VPI routinevpi_free_object() shall free memory allocated for objects. It shall

generally be used to free memory created for iterator objects. The iterator object shall
automatically be freed whemi_scan()returnsNULL either because it has completed an
object traversal or encountered an error condition. If neither of these conditions occur
(which can happen if the code breaks out of an iteration loop before it has scanned every
object),vpi_free_object()needs to be called to free any memory allocated for the iterator.
This routine can also optionally be used for implementations which have to allocate
memory for objects. The routine shall retdRUEON success arkhLSE on failure.
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13.4 vpi_get()

vpi_get()

Synopsis: Get the value of an integer or Boolean property of an object.
Syntax: vpi_get(prop, obj)

Type Description
Returns: int Value of an integer or Boolean property

Type Name Description
Arguments: int prop An integer constant representing the property of an oljject

for which to obtain a value
vpiHandle obj Handle to an object

Related Use vpi_get_str() to get string properties
routines:

13-6

The VPI routinevpi_get() shall return the value of object properties, for properties of type
int andbool (bool shall be defined tot). Object properties of tygaool shall return

for TRUEando for FALSE. For object properties of typet such aspiSize, any integer
shall be returned. For object properties of typewhich return a defined value, refer to
Annex Cof thelEEE 1364-1995 Verilog HDEpecification for the value that shall be
returned. Note for object properiyiTimeUnit Or vpiTimePrecision, if the object iSNULL,

then the simulation time unit shall be returned. Should an error epcygt() shall
returnvpiUndefined.
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13.5 vpi_get cb_info()

vpi_get_cb_info()

Synopsis: Retrieve information about a simulation-related callback.
Syntax: vpi_get_cb_info(obj, cb_data_p)

Type Description
Returns: void

Type Name Description
Arguments: vpiHandle obj Handle to a simulation-related callback

p_cb_data cb_data_p Pointer to a structure containing callback informatiofy

Related Use vpi_get_systf_info() to retrieve information about a system task/function callback
routines:

The VPI routinevpi_get_cb_info()shall return information about a simulation-related
callback in ars_cb_data structure. The memory for this structure shall be allocated by
the user.

Thes_cb_data structure used bypi_get_cb_info()is defined invpi_user.n  and s listed
in Figure 13-2.

typedef struct t_cb_data {

int reason;

int (*cb_rtn)();

vpiHandle obj;

p_vpi_time time; /* structure with simulation time info */

p_vpi_value value;/* structure with simulation value info */

char *user_data; /* user data to be passed to callback function */
} s _cb_data, *p_cb_data;

Version 2.0

Figure 13-2 The s_cb_data structure definition
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13.6 vpi_get analog delta()

vpi_get_analog_delta()
Synopsis: Get the time elapsed since the previous solution.
Syntax: vpi_get_analog_delta()
Type true on success and false on failureDescription
Returns: double time elapsed between the solution being calculated and the last converged solutign
Type Name Description
Arguments: NONE this function accepts no arguments

The VPI routinevpi_get_analog_delta(shall be used determine the size of the analog time
step being attempted. It returns the elapsed time between the latest converged and
accepted solution and the solution being calculated. The function shall retura)zero (
during DC or the time zero transient solution.
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13.7 vpi_get analog_freq()

vpi_get_analog_freq()
Synopsis: Get the frequency for the current small-signal analysis.
Syntax: vpi_get_analog_freq()
Type true on success and false on failureDescription
Returns: double time elapsed between the solution being calculated and the last converged solutign
Type Name Description
Arguments: NONE this function accepts no arguments

The VPI routinevpi_get_analog_freg()shall be used determine the current frequency used
in the small-signal analysis. The function shall return z&rdyring DC or transient
analysis.
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13.8 vpi_get analog_time()

vpi_get_analog_time()
Synopsis: Get the time of the current solution.
Syntax: vpi_get_analog_time()
Type true on success and false on failureDescription
Returns: double time associated with the current solution
Type Name Description
Arguments: NONE this function accepts no arguments

The VPI routinevpi_get_analog_time()shall be used determine the time of the solution
attempted or of the latest converged and accepted solution otherwise. The function shall
return zero@) during DC or the time zero transient solution.
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13.9 vpi_get analog value()

vpi_get_analog_value()

Synopsis: Retrieve the simulation value of an analog quantity object.
Syntax: vpi_get_analog_value(obj, value_p)

Type Description
Returns: void

Type Name Description
Arguments: vpiHandle obj Handle to an analog quantity object

p_vpi_value value_p Pointer to a structure containing value information

Related Use vpi_get_value() to get simulation values of digital objects.
routines: Use vpi_put_value() to set the value of an object

The VPI routinevpi_get_analog_value(shall retrieve the simulation value of VPI analog
vpiFlow oOr vpiPotential (node or branch) quantity objects. The value shall be placed in an
s_vpi_analog_value structure, which has been allocated by the user. The format of the
value shall be set by thiermatfield of the structure.

The buffer this routine uses for string values shall be different from the buffer which
vpi_get_str() shall use. The string buffer used y_get_analog_value()s overwritten with
each call. If the value is needed, it needs to be saved by the application.

Thes_vpi_analog_value structure used bypi_get_analog_value(}s defined in
vpi_user.n  and listed in Figure 13-3.

*/

typedef struct t_vpi_analog_value {

}s_vpi_analog_value, *p_vpi_analog_value;

int format; /* vpiRealVal,vpiExpStrVal,vpiDecStrVal,vpiStringVal

union {
char *str;
double real;
char *misc;
} real;
union {
char *str;
double real;
char *misc;
} imaginary;

Version 2.0

Figure 13-3 The s_vpi_analog_value structure definition

The memory for the union membests andmiscof the value for real and imaginary
unions in thes_vpi_analog_value structure shall be provided by the routine
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vpi_get_analog_valuel. This memory shall only be valid until the next call to
vpi_get_analog_value()

Table 13-2—Return value field of the s_vpi_analog_value structure union

Format

Union members

Return description

vpiDecStrVal

str

Real and imaginary values of object are returned a$
strings of decimal char(s) [0-9]

vpExpStrVval str Real and imaginary values of object are returned a$
strings formatted like printf %e.
vpiRealVal real Real and imaginary values of the object are returned as
doubles.
vpiStringVal str Real and imaginary parts are returned as strings

formatted like printf %g. The call shall reset the format
field tovpiExpStrVal orvpiDecStrVal to the selected
format.

Note:

13-12

The user shall provide the memory for these members when cgilipgt_value().
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13.10 vpi_get _delays()

vpi_get_delays()

Synopsis: Retrieve the delays or pulse limits of an object.
Syntax: vpi_get_delays(obj, delay_p)

Type Description
Returns: void

Type Name Description
Arguments: vpiHandle obj Handle to an object

p_vpi_delay delay_p Pointer to a structure containing delay information

Related Use vpi_put_delays() to set the delays or timing limits of an object
routines:

The VPI routinevpi_get_delays()shall retrieve the delays or pulse limits of an object and
place them in as_vpi_delay  structure which has been allocated by the user. The
format of the delay information shall be controlled bytthree typeflag in the

s_vpi_delay  structure. This routine shall ignore the value oftjipeflag in the

s _vpi_time  structure.

Thes_vpi_delay ands_vpi_time structures used by bothi_get delays()and
vpi_put_delays()are defined inpi_user.n  and are listed in Figures 13-4 and 13-5.

typedef struct t_vpi_delay {
structt_vpi_time *da; /* ptr to user allocated array of delay

values */
int no_of delays; /* number of delays */
int time_type; /* [vpiScaledRealTime, vpiSimTime] */
bool mtm_flag; [* true for mtm */
bool append_flag; [* true for append, false for replace */
bool pulsere_flag; /* true for pulsere values */

}s_vpi_delay, *p_vpi_delay;

Figure 13-4 The s_vpi_delay structure definition

typedef struct t_vpi_time

{
int type; /* [vpiScaledRealTime, vpiSimTime] */
unsigned int high, low; /* for vpiSimTime */
double real; [* for vpiScaledRealTime */

S_vpi_time, *p_vpi_time;
_VpI_ p_vpi_

Figure 13-5 The s_vpi_time structure definition
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Thedafield of thes_vpi_delay  structure shall be a user-allocated array opi_time
structures. This array shall store delay values returnegibyet_delays() The number of
elements in this array shall be determined by

e The number of delays to be retrieved
* Themtm_flag setting
* Thepulsere_flagsetting

The number of delays to be retrieved shall be set indhef delaydield of the
s_vpi_delay  structure. Legal values for the number of delays shall be determined by the
type of object.

For primitive objects, thao_of delayvalue shall be or 3.
* For path delay objects, tm®_of delaywalue shall ba, 2, 3, 6, or12.

* For timing check objects, the_of delayvalue shall match the number of
limits existing in the timing check.

* For inter-module path objects, the_of delaywalue shall be or 3.

The user-allocatesl vpi_delay  array shall contain delays in the same order in which
they occur in the Verilog-AMS HDL description. The number of elements for each delay
shall be determined by the flagsn_flag andpulsere_flag as shown in Table 13-3.

Table 13-3—Size of the s_vpi_delay->da array

Flag values

Number of s_vpi_time array elements Order in which delay elements
required for s_vpi_delay->da shall be filled

mtm_flag = false
pulsere_flag= false

no_of_delays

1st delay: da[0] -> 1st delay
2nd delay: da[1] -> 2nd delay

mtm_flag = true
pulsere_flag= false

3 *no_of_delays

1st delay: da[0] -> min delay
da[1] -> typ delay
da[2] -> max delay
2nd delay: ...

mtm_flag = false
pulsere_flag= true

3 *no_of_delays

1st delay: da[0] -> delay
da[1] -> reject limit
da[2] -> error limit

2nd delay element: ...

mtm_flag = true
pulsere_flag= true

9 *no_of_delays

1st delay: da[0] -> min delay
da[1] -> typ delay
da[2] -> max delay
da[3] -> min reject
da[4] -> typ reject
da[5] -> max reject
da[6] -> min error
da[7] -> typ error
da[8] -> max error

2nd delay: ...

13-14
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The delay structure has to be allocated before passing a pointelen delays()
Examples:

In the following example, a static structugeim_da, is allocated for use by each call to
thevpi_get_delays()function.

display_prim_delays(prim)
vpiHandle prim;t2

{
static s_vpi_time prim_da[3];
static s_vpi_delay delay_s = {NULL, 3, vpiScaledRealTime};
static p_vpi_delay delay p = &delay_s;

delay s.da=& prim_da;
vpi_get_delaygprim, delay_p);

vpi_printf(“Delays for primitive %s: %6.2f %6.2f %6.2f\n”",
vpi_get_str(vpiFullName, prim)

delay_p->dal[0].real, delay p->da[1].real,
delay_p->da[2].real);
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13.11 vpi_get_str()

vpi_get_str()

Synopsis:

Get the value of a string property of an object.

Syntax:

vpi_get_str(prop, obj)

Returns:

Type Description

char * Pointer to a character string containing the property value

Arguments:

Type Name Description

int prop An integer constant representing the property of an oljject
for which to obtain a value

vpiHandle obj Handle to an object

Related
routines:

Use vpi_get() to get integer and Boolean properties

13-16

The VPI routinevpi_get_str()shall return string property values. The string shall be placed
in a temporary buffer which shall be used by every call to this routine. If the string is to
be used after a subsequent call, the string needs to be copied to another location. A
different string buffer shall be used for string values returned throug$ tipe value
structure.

Examples:
The following example illustrates the usage@fget_str().

char *str;

vpiHandle mod = vpi_handle_by name(“top.mod1”,NULL);

vpi_printf (“Module top.mod1 is an instance of %s\n”,
vpi_get_str(vpiDefName, mod));
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vpi_get_analog_systf_info()

Synopsis: Retrieve information about a user-defined analog system task/function-related callback.
Syntax: vpi_get_analog_systf_info(obj, systf_data_p)

Type Description
Returns: void

Type Name Description
Arguments: vpiHandle obj Handle to a system task/function-related callback

p_vpi_analog_sy systf_data_p Pointer to a structure containing callback information
stf_data

Related Use vpi_get_cb_info() to retrieve information about a simulation-related callback
routines:

The VPI routinevpi_get_analog_systf_info(shall return information about a user-defined

analog system task or function callback insavpi_analog_systf_data

memory for this structure shall be allocated by the user.

Thes_vpi_systf_data structure used bypi_get_analog_systf_info()s defined in

vpi_user.h  and is listed in Figure 13-6.

typedef struct t_ vpi_analog_systf data {

int (*compiletf)();

char *user_data;
}s_vpi_analog_systf data, *p_vpi_analog_systf data;

int type; /* vpiSys[Task,Function] */

int sysfunctype; /* vpi[IntFunc,RealFunc,TimeFunc,SizedFunc] */
char *tfname; [* first character shall be “$” */

int (*calltf)();

int (*sizetf)(); /* for vpiSizedFunc system functions only */
p_vpi_stf_partials (*derivtf)(); /* for partial derivatives */

Figure 13-6 The s_vpi_systf data structure definition

Version 2.0 Verilog-AMS Language Reference Manual
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13.13 vpi_get_systf info()

vpi_get_systf_info()

Synopsis: Retrieve information about a user-defined system task/function-related callback.
Syntax: vpi_get_systf_info(obj, systf_data_p)

Type Description
Returns: void

Type Name Description
Arguments: vpiHandle obj Handle to a system task/function-related callback

p_vpi_systf_data systf_data_p Pointer to a structure containing callback informatiof

Related Use vpi_get_cb_info() to retrieve information about a simulation-related callback
routines:

The VPI routinevpi_get_systf_info()shall return information about a user-defined system
task or function callback in anvpi_systf data structure. The memory for this
structure shall be allocated by the user.

The s_vpi_systf_data structure usedply get_systf_info()is defined invpi_user.h  and
is listed in Figure 13-7.

int type;

int sysfunctype;

char *tfname;

int (*calltf)();

int (*compiletf)();

int (*sizetf)();

char *user_data,;
} s_vpi_systf_data, *p_vpi_systf data;

typedef struct t_vpi_systf_data {
/* vpiSys[Task,Function] */

* vpi[IntFunc,RealFunc, TimeFunc,SizedFunc] */
[* first character shall be “$” */

[* for vpiSizedFunc system functions only */

13-18

Figure 13-7 The s_vpi_systf data structure definition

Verilog-AMS Language Reference Manual Version 2.0



13.14 vpi_get _time()

VPI routine definitions

vpi_get_time()

Synopsis: Retrieve the current simulation.
Syntax: vpi_get_time(obj, time_p)

Type Description
Returns: void

Type Name Description
Arguments: vpiHandle obj Handle to an object

p_vpi_time time_p Pointer to a structure containing time information

Related
routines:

The VPI routinevpi_get_time() shall retrieve the current simulation time, using the time
scale of the object. bj is NULL, the simulation time is retrieved using the simulation
time unit. Thetime_p->typdfield shall be set to indicate if scaled real, analog, or
simulation time is desired. The memory for tivae_pstructure shall be allocated by the

Version 2.0

user.
Thes_vpi_time  structure used bypi_get_time()is defined invpi_user.h  and is listed
in Figure 13-8 (this is the same time structure as usedilput_value()).
typedef struct t_vpi_time {
int type; [* for vpiScaledRealTime, vpiSimTime,
vpiAnalogTime */
unsigned int high, low;  /* for vpiSimTime */
double real; [* for vpiScaledRealTime */
} s_vpi_time, *p_vpi_time;
Figure 13-8 The s_vpi_time structure definition
Verilog-AMS Language Reference Manual 13-19
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13.15 vpi_get value()

vpi_get_value()

Synopsis:

Retrieve the simulation value of an object.

Syntax:

vpi_get_value(obj, value_p)

Returns:

Type Description

void

Arguments:

Type Name Description

vpiHandle obj Handle to an expression

p_vpi_value value_p Pointer to a structure containing value information

Related
routines:

Use vpi_get_analog_value() for simulation value of quantity objects.
Use vpi_put_value() to set the value of an object

13-20

The VPI routinevpi_get_value()shall retrieve the simulation value of VPI objects (use
vpi_get_analog_value(for the simulation value of VPI analog quantity objects). The value
shall be placed in as vpi_value  structure, which has been allocated by the user. The
format of the value shall be set by foematfield of the structure.

When theformatfield is vpiObjTypeVal, the routine shall fill in the value and change the
formatfield based on the object type, as follows:

» For an integenpilntval

For a realypiRealVval

For a scalar, eithepiScalar or vpiStrength

For a time variablepiTimeVval with vpiSimTime
e For a vectorypivectorval

The buffer this routine uses for string values shall be different from the buffer which
vpi_get_str() shall use. The string buffer usedpy get value() is overwritten with
each call. If the value is needed, it needs to be saved by the application.
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Thes_vpi_value ,s_vpi_vecval ands_vpi_strengthval structures used by
vpi_get_value()are defined inpi_user.n  and are listed in Figures 13-9, 13-10, and
13-11.

typedef struct t_vpi_value {
int format; /* vpi[[Bin,Oct,Dec,Hex]Str,Scalar,Int,Real,String,

union {

} value;
}s_vpi_value, *p_vpi_value;

Time,Vector,Strength,ObjType]Val*/

char *str;

int scalar; /* vpi[0,1,X,Z] */

int integer;

double real;

struct t_vpi_time *time;

struct t_vpi_vecval *vector;

struct t_vpi_strengthval *strength;
char *misc;

Figure 13-9 The s_vpi_value structure definition

typedef struct t_vpi_vecval {
int aval, bval; /* bit encoding: ab: 00=0, 10=1, 11=X, 01=Z */
} s_vpi_vecval, *p_vpi_vecval;

Figure 13-10 The s_vpi_vecval structure definition

typedef struct t_vpi_strengthval {

int logic; /¥ vpi[0,1,X,Z] */

int sO, s1; [* refer to strength coding in the LRM */
} s_vpi_strengthval, *p_vpi_strengthval;

Version 2.0

Figure 13-11 The s_vpi_strengthval structure definition

For vectors, th@_vpi_vecvafield shall point to an array &f vpi_vecval  structures.

The size of this array shall be determined by the size of the vector, avreyesize =
((vector_size-1)/32 + 1)The Isb of the vector shall be represented by the Isb of the
indexed element of vpi_vecval array. The 35 bit of the vector shall be represented
by the Isb of tha-indexed element of the array, and so on. The memory for the union
membersstr, time, vector, strength andmiscof the value union in the vpi_value

structure shall be provided by the routine get_value() This memory shall only be valid
until the next call tapi_get_value() (The user shall provide the memory for these
members when callingpi_put_value()). When a value change callback occurs for a value

Verilog-AMS Language Reference Manual 13-21



VPI routine definitions

13-22

type ofvpivectorval, the system shall create the associated memory (an array of
structures) and free the memory upon the return of the callback.

s_vpi_vecval

Table 13-4—Return value field of the s_vpi_value structure union

Format Union member Return description
vpiBinStrVal str String of binary char(s)L[ 0, x, 2
vpiOctStrVal str String of octal char(spPf7, x, X, z, 4
X When all the bits are
X When some of the bits axe
z  When all the bits are
Z When some of the bits are
vpiDecStrVal str String of decimal char(s) [0-9]
vpiHexStrVal str String of hex char(sPH, x, X, z, 4
X When all the bits are
X When some of the bits axe
z  When all the bits are
Z When some of the bits aze
vpiScalarVal scalar vpil, vpi0, vpiX, vpiZ, vpiH, vpiL
vpilntVal integer Integer value of the handle. Any bits x or z in the valpe
of the object are mapped to a 0
vpiRealVal real Value of the handle as a double
vpiStringVal str A string where each 8-bit group of the value of the
object is assumed to represent an ASCII character
vpiTimeVal time Integer value of the handle using two integers
vpiVectorVal vector aval/bvalrepresentation of the value of the object
vpiStrengthVal strength Value plus strength information of a scalar object gnly
vpiObjectVal — Return a value in the closest format of the object

NOTE—If the object has a real value, it shall be converted to an integer using the rounding defined by the Verilog-
AMS HDL before being returned in a format other thpiRealVal.

To get the ASCII values of UDP table entries (as explain&gation 8.1.6, Table 8-1

of thelEEE 1364-1995 Verilog HDEpecification), thgp_vpi_vecvafield shall point to

an array ob_vpi_vecval  structures. The size of this array shall be determined by the
size of the table entry (no. of symbols per table entry), wireay _size =
((table_entry_size-1)/4 + 1Each symbol shall require a byte; the ordering of the
symbols withins_vpi_vecval  shall be the most significant byteatfit first, then the
least significant byte adbit, then the most significant byte loibit, and then the least
significant byte obbit. Each symbol can be either one or two characters; when it is a
single character, the second half of the byte shall be an ASCII \0”.
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Themiscfield in thes_vpi_value  structure shall provide for alternative value types,
which can be implementation specific. If this field is utilized, one or more corresponding
format types shall also be provided.

Examples:

In the following example, the binary value of each net which is contained in a particular
module and whose name begins with a particular string is displayed. (This function
makes use of th&rcmp() facility normally declared in aring.n  C library.)

void display_certain_net_values(mod, target)

vpiHandle mod;

char *target;

{
static s_vpi_value value_s = {vpiBinStrVval};
static p_vpi_value value_p = &value_s;
vpiHandle net, itr;

itr = vpi_iterate(vpiNet, mod);
while (net = vpi_scan(itr))
{
char *net_name = vpi_get_str(vpiName, net);
if (strcmp(target, net_name) == 0)
{
vpi_get_valudnet, value_p);
vpi_printf(“Value of net %s: %s\n”,
vpi_get_str(vpiFullName, net),value_p->value.str);

}

The following example illustrates the usewpf_get value()to access UDP table entries.
Two sample outputs from this example are provided after the example.

/7\-

* hUDP shall be a handle to a UDP definition

*

static void dumpUDPTableEntries(vpiHandle hUDP)

vpiHandle hEntry, hEntrylter;

s_vpi_value value;

int numb;

int udpType;

int item;

int entryVal;

int *abltem;

int cnt, cnt2;

numb = vpi_get(vpiSize, hUDP);

udpType = vpi_get(vpiPrimType, hUDP);

if (udpType == vpiSeqPrim)

numb++; /* There is one more table entry for state */
numb++; /* There is a table entry for the output */
hEntrylter = vpi_iterate(vpiTableEntry, hUDP);
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if ('"hEntrylter)
return;
value.format = vpiVectorVal,
while(hEntry = vpi_scan(hEntrylter))
{
vpi_printf("\n™);
/* Show the entry as a string */
value.format = vpiStringVal,
vpi_get_value(hEntry, &value);
vpi_printf("%s\n", value.value.str);
[* Decode the vector value format */
value.format = vpiVectorVal,
vpi_get_value(hEntry, &value);
abltem = (int *)value.value.vector;
for(cnt=((numb-1)/2+1);cnt>0;cnt--)
{
entryVal = *abltem;
abltem++;
/* Rip out 4 characters */
for (cnt2=0;cnt2<4;cnt2++)

{
item = entryVal&Oxff;
if (item)
vpi_printf(“%c”, item);
else
vpi_printf(*_");
entryVal = entryVal>>8;
}
}
}
vpi_printf(“\n”);
}
For a UDP table of
1 0 2.1,
0 (01):?:-
(10) 0 :0:1;
The output from the preceding example is
10:1
01 1
01:0
10 _ o0
00:1
00 1

For a UDP table entry of
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1 0 :?:1,

0 (01):?:-

(10) 0 :0:1;

The output from the preceding example is

10:?:1

01172

0(01):?:-

10 0 - ?

(10)0:0:1

00110
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13.16 vpi_get viog_info()

vpi_get_vlog_info()
Synopsis: Retrieve information about Verilog-AMS simulation execution.
Syntax: vpi_get_vlog_info(vlog_info_p)
Type Description
Returns: bool true on success and false on failure
Type Name Description
Arguments: p_vpi_vlog_info vlog_info_p Pointer to a structure containing simulation informatign

The VPI routinevpi_get vlog_info()shall obtain the following information about Verilog-
AMS product execution:

* The number of invocation optionargc)
* Invocation option valuesafgv)
* Product and version strings

The information shall be contained in arvpi_viog_info structure. The routine shall
returnTRUEON success arrhLSE on failure.

Thes_vpi_vlog_info structure used bypi_get_vlog_info()is defined invpi_user.h
and is listed in Figure 13-12.

typedef struct t_vpi_vlog_info {
int argc;
char **argv;
char *product;
char *version;
} s_vpi_vlog_info, *p_vpi_vlog_info;

Figure 13-12 The s_vpi_vlog_info structure definition
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13.17 vpi_get_real()

vpi_get_real()

Synopsis: Fetch a real property value associated with an object.
Syntax: vpi_get_real(prop,obj)

Type Description
Returns: double value of a real property

Type Name Description
Arguments: int prop An integer constant representing the property of an oljject

for which to obtain a value
vpiHandle obj Handle to an object

The VPI routinevpi_get_real()shall return the value of object properties, for properties of
typereal. Note for object properties shown below, if the objectusL, then the
corresponding value shall be returned.

* vpiStartTime for beginning of transient analysis time

* vpiEndTime for end of transient analysis time

* vpiTransientMaxStep for maximum analog time step

* vpiStartFrequency for the start frequency of AC analysis
* vpiEndFrequency for the end frequency of AC analysis

This function is available to analog tasks and functions only. Should an error occur,
vpi_get_real() shall returnvpiUndefined.
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13.18 vpi_handle()

vpi_handle()

Synopsis:

Obtain a handle to an object with a one-to-one relationship.

Syntax:

vpi_handle(type, ref)

Returns:

Type Description

vpiHandle Handle to an object

Arguments:

Type Name Description

int type An integer constant representing the type of object for|
which to obtain a handle

vpiHandle ref Handle to a reference object

Related
routines:

Use vpi_iterate() and vpi_scan() to obtain handles to objects with a one-to-many relationship
Use vpi_handle_multi() to obtain a handle to an object with a many-to-one relationship

13-28

The VPI routinevpi_handle() shall return the object of typgpeassociated with object
ref. The one-to-one relationships which are traversed with this routine are indicated as
single arrows in the data model diagrams.

Examples:

The following example application displays each primitive that an input net drives.

void display_driven_primitives(net)
vpiHandle net;

{

vpiHandle load, prim, itr;
vpi_printf(“Net %s drives terminals of the primitives: \n”,
vpi_get_str(vpiFullName, net));
itr = vpi_iterate(vpiLoad, net);
if (litr)
return;
while (load = vpi_scan(itr))
{
switch(vpi_get(vpiType, load))
{
case vpiGate:
case vpiSwitch:
case vpiUdp:
prim = vpi_handle(vpiPrimitive, load);
vpi_printf(“\t%s\n”, vpi_get_str(vpiFullName, prim));
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13.19 vpi_handle by index()

vpi_handle_by_index()

Synopsis: Get a handle to an object using its index number within a parent object.
Syntax: vpi_handle_by_index(obj, index)

Type Description
Returns: vpiHandle Handle to an object

Type Name Description
Arguments: vpiHandle obj Handle to an object

int index Index number of the object for which to obtain a handIF=

The VPI routinevpi_handle_by_index()shall return a handle to an object based on the
index number of the object within a parent object. This function can be used to access all
objects which can access an expression ugingdex. Argumentobj shall represent the
parent of the indexed object. For example, to access a nebjug,the associated net,
while for a memory wordybj is the associated memory.
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13.20 vpi_handle by name()

vpi_handle_by name()

Synopsis:

Get a handle to an object with a specific name.

Syntax:

vpi_handle_by_name(name, scope)

Returns:

Type

Description

vpiHandle

Handle to an object

Arguments:

Type

Name

Description

char *

name

A character string or pointer to a string containing the

name of an object

vpiHandle

scope

Handle to a Verilog-AMS HDL scope

13-30

The VPI routinevpi_handle_by name()shall return a handle to an object with a specific
name. This function can be applied to all objects withllnameproperty. Thenamecan
be hierarchical or simple. Bcopes NULL, thennameshall be searched for from the top
level of hierarchy. Otherwiseameshall be searched for froscopeusing the scope
search rules defined by the Verilog-AMS HDL.
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13.21 vpi_handle_multi()

vpi_handle_multi()

Synopsis: Obtain a handle to inter-module paths with a many-to-one relationship.
Syntax: vpi_handle_multi(type, refl, ref2, ...)

Type Description
Returns: vpiHandle Handle to an object

Type Name Description
Arguments: int type An integer constant representing the type of object for|

which to obtain a handle
vpiHandle refl, ref2, ... Handles to two or more reference objects

Related Use vpi_iterate() and vpi_scan() to obtain handles to objects with a one-to-many relationship
routines: Use vpi_handle() to obtain handles to objects with a one-to-one relationship

The VPI routinevpi_handle_muilti() shall return a handle to objects of tyygsinterModPath
associated with a list @utput portandinput portreference objects. The ports shall be

of the same size and can be at different levels of the hierarchy. This routine performs a
many-to-oneperation instead of the usual one-to-one or one-to-many.

13.21.1  Derivatives for analog system task/functions

The VPI routinevpi_handle_multi() is used to access the derivative handles associated
with analog system task/functions (see alporegister_analog_systf(). The first

argument is the typeiDerivative. The second is the handle for the task/function
argument for which a partial derivative is to be declared. The third argument indicates
the value with respect to which the derivative being declared shall be calculated. For
example, assuminggHandle2 andargHandle3 are handles to the second and third
arguments of an analog system task, thpermandle_multi(vpiDerivative,

argHandle2, argHandle3) indicates the partial derivative of the returned value with
respect to the third argument. FpiDerivative, thevpi_handle_multi() function can only

be called for those derivatives allocated duringdevtf phase of execution.

13.21.2  Examples

Version 2.0

The following example illustrates the declaration and use of derivative handles in a
analog taslresistor()  , which implements a conductance relationship. The task can
be used as follows:
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module resistor(p, n);

electrical p, n;
parameter real r = 1k;
real curr;
analog begin
$resistor(curr, V(p, n), r);
I(p, n) <+ curr;
end

endmodule

The implementation of the analog task can be performed bysib@er_compile_tf() and
resistor_call_tf() routines shown below:

13-32

#include "vpiutils.h"

[* compiletf() */
static int resistor_compiletf(p_cb_data cb_data) {

vpiHandle funcHandle, i_handle, v_handle, r_handle, didv_handle;
int type;

s_vpi_value value;

double g;

p_resistor_data res;

/* Retrieve handle to current function */
funcHandle = vpi_handle(vpiSysTfCall, NULL);

/* Get the handle on the first function argument*/
i_handle = vpi_handle_by index(funcHandle, 1);

/* Check that argument exists */
if (!i_handle) {
vpi_error("Not enough arguments for $resistor function.");

}

/* Check that argument #1 is a real variable */

type = vpi_get(vpiType, v_handle);

if (type != vpiRealVar) {
vpi_error("Arg #1 of $resistor should be a real variable");
return 1;

}

/* Get the handle on the second function argument*/
v_handle = vpi_handle_by_index(funcHandle, 2);

/* Check that argument exists */

if ('v_handle) {
vpi_error("Not enough arguments for $resistor function.");
return 1;

}

/* Check that argument #1 is a real valued */
type = vpi_get(vpiType, v_handle);

Verilog-AMS Language Reference Manual
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}

if (type != vpiRealVar && type != vpiRealVal) {
vpi_error("Arg #2 of $resistor should be a real variable");
return 1;

}

/* Get the handle on the third function argument*/

r_handle = vpi_handle_by index(funcHandle, 3);

/* Check that argument exists */

if (lv_handle) {
vpi_error("Not enough arguments for $resistor function.");
return 1;

}

/* Check that argument #3 is real valued */

type = vpi_get(vpiType, r_handle);

if (type != vpiRealVar && type != vpiRealVal) {
vpi_error("Arg #3 of $resistor should be a real variable");
return 1;

}

return O;

[* derivtf() */
static p_vpi_stf_partials resistor_derivtf(p_cb_data cb_data) {

}

static t_vpi_stf_partials derivs;
static int deriv_of[] ={1 };
static int deriv_to[] ={ 2 };

derivs.count = 1;
derivs.derivative_of = deriv_of;
derivs.derivative_to = deriv_to;

return &derivs;

/* load() */
static int resistor_calltf(int data, int reason) {

vpiHandle funcHandle, i_handle, v_handle, didv_handle;
double g;
S_vpi_value value;

/* Retrieve handle to current function */

funcHandle = vpi_handle(vpiSysTfCall, NULL);

i_handle = vpi_handle_by index(funcHandle, 1);

v_handle = vpi_handle_by_index(funcHandle, 2);

didv_handle = vpi_handle_multi(vpiDerivative, i_handle,
v_handle);

/* Get resistance value, compute conductance and store it as*/
[* derivative*/
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}

/*

value.format = vpiRealVal,
vpi_get_value(r_handle, &value);
g = 1.0/ value.value.real;

value.value.real = g;
vpi_put_value(didv_handle, &value, NULL, vpiNoDelay);

/* Get voltage value, compute current and store it into "I"*/
vpi_get_value(v_handle, &value);

value.value.real *=g;

vpi_put_value(i_handle, &value, NULL, vpiNoDelay);

return O;

* Public structure declaring the task

*/

static s_vpi_analog_systf_data resistor_systf = {

vpiSysAnalogTask, /* type: function / task */
0, /* returned type */
"$resistor", /* name *

resistor_calltf, /* calltf callback */
resistor_compiletf, /* compiletf callback */

0, /* unused: sizetf callback */
resistor_derivtf,/* derivtf callback */
0 [* user_data: nothing */
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13.22 vpi_iterate()

vpi_iterate()

Synopsis: Obtain an iterator handle to objects with a one-to-many relationship.
Syntax: vpi_iterate(type, ref)

Type Description
Returns: vpiHandle Handle to an iterator for an object

Type Name Description
Arguments: int type An integer constant representing the type of object for|

which to obtain iterator handles
vpiHandle ref Handle to a reference object

Related Use vpi_scan() to traverse the HDL hierarchy using the iterator handle returned from vpi_iterate()
routines: Use vpi_handle() to obtain handles to object with a one-to-one relationship

Use vpi_handle_multi() to obtain a handle to an object with a many-to-one relationship

The VPI routinevpi_iterate() shall be used to traverse one-to-many relationships, which
are indicated as double arrows in the data model diagramsupl hxerate() routine shall
return a handle to an iterator, whose type shallgiierator , which can used bypi_scan()

to traverse all objects of typggpeassociated with objecef. To get the reference object
from the iterator object us@i_handle(vpiUse, iterator_handle) . If there are no
objects of typaypeassociated with the reference hanait then thevpi_iterate() routine
shall returnrNULL

Examples:

The following example application us@s iterate() andvpi_scan()to display each net
(including the size for vectors) declared in the module. The example assumes it shall be
passed a valid module handle.

void display_nets(mod)
vpiHandle mod;
{
vpiHandle net;
vpiHandle itr;

vpi_printf(“Nets declared in module %s\n”,
vpi_get_str(vpiFullName, mod));

itr=  vpi_iterate(vpiNet, mod);
while (net = vpi_scarlitr))
{

vpi_printf(“\t%s”, vpi_get_str(vpiName, net));
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if (vpi_get(vpiVector, net))
{

}

else vpi_printf(“\n”);

vpi_printf(* of size %d\n”, vpi_get(vpiSize, net));
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13.23 vpi_mcd_close()

vpi_mcd_close()

Synopsis:

Close one or more files opened by vpi_mcd_open().

Syntax:

vpi_mcd_close(mcd)

Returns:

Type Description

unsigned int 0 if successful, the med of unclosed channels if unsuccessful

Arguments:

Type Name Description

Oy
¢}

unsigned int mcd A multichannel descriptor representing the files to clg

Related
routines:

Use vpi_mcd_open() to open a file
Use vpi_mcd_printf() to write to an opened file
Use vpi_mcd_name() to get the name of a file represented by a channel descriptor

Version 2.0

The VPI routinevpi_mcd_close()shall close the file(s) specified by a multichannel
descriptormcd Several channels can be closed simultaneously, since channels are
represented by discrete bits in the integed On success this routine returns a zexo (
on error it returns thewcdvalue of the unclosed channels.

The following descriptors are predefined and can not be closedwsimgd_close()

» descriptor 1 istdout
» descriptor 2 istderr

» descriptor 3 is the current log file
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13.24 vpi_mcd_name()

vpi_mcd_name()

Synopsis: Get the name of a file represented by a channel descriptor.
Syntax: vpi_mcd_name(cd)

Type Description
Returns: char * Pointer to a character string containing the name of a file

Type Name Description
Arguments: unsigned int cd A single-channel descriptor representing a file
Related Use vpi_mcd_open() to open a file
routines: Use vpi_mcd_close() to close files

Use vpi_mcd_printf() to write to an opened file

The VPI routinevpi_mcd_name()shall return the name of a file represented by a single-
channel descriptocd. On error, the routine shall retuxwwLL This routine shall

overwrite the returned value on subsequent calls. If the application needs to retain the
string, it shall copy it.
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13.25 vpi_mcd_open()

vpi_mcd_open()
Synopsis: Open a file for writing.
Syntax: vpi_mcd_open(file)
Type Description
Returns: unsigned int A multichannel descriptor representing the file which was opened
Type Name Description
Arguments: char * file A character string or pointer to a string containing the fjle
name to be opened
Related Use vpi_mcd_close() to close a file
routines: Use vpi_mcd_printf() to write to an opened file
Use vpi_mcd_name() to get the name of a file represented by a channel descriptor
The VPI routinevpi_mcd_open()shall open a file for writing and return a corresponding
multichannel descriptor numbengd. The following channel descriptors are predefined
and shall be automatically opened by the system:
» Descriptor 1 istdout
» Descriptor 2 istderr
» Descriptor 3 is the current log file
Thevpi_mcd_open()routine shall return a zero)(on error. If the file is already opened,
vpi_mcd_open()shall return the descriptor number.
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13.26 vpi_mcd_printf()

vpi_mcd_printf()

Synopsis: Write to one or more files opened with vpi_mcd_open().
Syntax: vpi_mcd_printf(mcd, format, ...)

Type Description
Returns: int The number of characters written

Type Name Description
Arguments: unsigned int mcd A multichannel descriptor representing the files to whigh to

write

char * format A format string using the C fprintf() format
Related Use vpi_mcd_open() to open a file
routines: Use vpi_mcd_close() to close a file

Use vpi_mcd_name() to get the name of a file represented by a channel descriptor

The VPI routinevpi_mcd_printf() shall write to one or more channels (up to 32)

determined by thencd An mcdof 1 (bit 0 set) corresponds to Channelamcdof 2 (bit

1 set) corresponds to Channel 2nadof 4 (bit 2 set) corresponds to Chanrsgland so

on. Channel is stdout channeb is stderr, and channed is the current log file. Several
channels can be written to simultaneously, since channels are represented by discrete bits
in the integemcd The format strings shall use the same format as thenf®)

routine.The routine shall return the number of characters printedrat an error

occurred.
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13.27 vpi_printf()

vpi_printf()

Synopsis: Write to stdout and the current product log file.
Syntax: vpi_printf(format, ...)

Type Description
Returns: int The number of characters written

Type Name Description
Arguments: char * format A format string using the C printf() format
Related Use vpi_mcd_printf() to write to an opened file
routines:

The VPI routinevpi_printf() shall write to bottstdoutand the current product log file. The
format string shall use the same format as theiff() routine. The routine shall return
the number of characters printede@rif an error occurred.
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13.28 vpi_put_delays()

vpi_put_delays()

Synopsis: Set the delays or timing limits of an object.
Syntax: vpi_put_delays(obj, delay_p)

Type Description
Returns: void

Type Name Description
Arguments: vpiHandle obj Handle to an object

p_vpi_delay delay_p Pointer to a structure containing delay information

Related Use vpi_get_delays() to retrieve delays or timing limits of an object
routines:

The VPI routinevpi_put_delays()shall set the delays or timing limits of an object as

indicated in thelelay _pstructure. The same ordering of delays shall be used as described

in thevpi_get_delays()function. If only the delay changes, and not the pulse limits, the
pulse limits shall retain the values they had before the delays where altered.

Thes_vpi_delay ands_vpi_time  structures used by bothi_get_delays()and
vpi_put_delays()are defined inpi_user.n  and are listed in Figures 13-13 and 13-14.

typedef struct t_vpi_delay {
structt_vpi_time *da; /* ptr to user allocated array of delay

values */
int no_of_delays; /* number of delays */
int time_type; [* [vpiScaledRealTime, vpiSimTime] */
bool mtm_flag; [* true for mtm */
bool append_flag; [* true for append, false for replace */
bool pulsere_flag; /* true for pulsere values */

} s_vpi_delay, *p_vpi_delay;

Figure 13-13 The s_vpi_delay structure definition

{

int type;

typedef struct t_vpi_time

/* [vpiScaledRealTime, vpiSimTime] */
unsigned int high, low; /* for vpiSimTime */
double real; /* for vpiScaledRealTime */

} s_vpi_time, *p_vpi_time;

13-42

Figure 13-14 The s_vpi_time structure definition

Verilog-AMS Language Reference Manual

Version 2.0



VPI routine definitions

Thedafield of thes_vpi_delay  structure shall be a user-allocated array opi_time
structures. This array shall store the delay values to be writtgn byt_delays). The
number of elements in this array shall be determined by:

» The number of delays to be retrieved
* Themtm_flag setting
* Thepulsere_flagsetting

The number of delays to be retrieved shall be set indhef delaydield of the
s_vpi_delay  structure. Legal values for the number of delays shall be determined by the
type of object.

» For primitive objects, thao_of delayvalue shall be or 3.
* For path delay objects, tm®_of delaywalue shall ba, 2, 3, 6, or12.

* For timing check objects, the_of delayvalue shall match the number of
limits existing in the timing check.

* For inter-module path objects, the_of delaywalue shall be or 3.

The user-allocatesl vpi_delay array shall contain delays in the same order in which
they occur in the Verilog-AMS HDL description. The number of elements for each delay
shall be determined by the flagsn_flag andpulsere_flag as shown in Table 13-5.

Table 13-5—Size of the s_vpi_delay->da array

Flag values

Number of s_vpi_time array elements Order in which delay elements
required for s_vpi_delay->da shall be filled

mtm_flag = false 1st delay: da[0] -> 1st delay
pulsere_flag= false no_of_delays 2nd delay: da[1] -> 2nd delay

mtm_flag = true 1st delay: da[0] -> min delay
pulsere_flag= false 3 *no_of_delays da[1] -> typ delay

da[2] -> max delay
2nd delay: ...

mtm_flag = false 1st delay: da[0] -> delay
pulsere_flag= true 3 *no_of_delays da[1] -> reject limit

da[2] -> error limit
2nd delay element: ...

mtm_flag = true 1st delay: da[0] -> min delay
pulsere_flag= true 9 *no_of_delays da[1] -> typ delay

da[2] -> max delay
da[3] -> min reject
da[4] -> typ reject
da[5] -> max reject
da[6] -> min error
da[7] -> typ error
da[8] -> max error
2nd delay: ...

Version 2.0
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Examples:

The following example application accepts a module path handle, rise and fall delays,
and replaces the delays of the indicated path.

void set_path_rise fall_delays(path, rise, fall)

vpiHandle path;

double rise, fall;

{
static s_vpi_time path_da[2];
static s_vpi_delay delay_s = {NULL, 2, vpiScaledRealTime};
static p_vpi_delay delay p = &delay_s;

delay_s.da = &path_da;
path_da[0].real = rise;
path_da[1].real = fall;

vpi_put_delaygpath, delay_p);
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vpi_put_value()
Synopsis: Set a value on an object.
Syntax: vpi_put_value(obj, value_p, time_p, flags)
Type Description
Returns: vpiHandle Handle to the scheduled event caused by vpi_put_value()
Type Name Description
Arguments: vpiHandle obj Handle to an object
p_vpi_value value_p Pointer to a structure with value information
p_vpi_time time_p Pointer to a structure with delay information
int flags Integer constants which set the delay mode
Related Use vpi_get_value() to retrieve the value of an expression
routines:
The VPI routinevpi_put_value() shall set simulation logic values on an object. The value
to be set shall be stored in arvpi_value  structure which has been allocated. The delay
time before the value is set shall be stored is api_time  structure which has been
allocated. The routine can be applied to nets, regs, variables, memory words, system
function calls, sequential UDPs, and schedule eventsflagsargument shall be used
to direct the routine to use one of the following delay modes:
vpilnertialDelay All scheduled events on the object shall be removed before this event is
scheduled.
vpiTransportDelay All events on the object scheduled for times later than this event shall be
removed (modified transport delay).
vpiPureTransportDelay No events on the object shall be removed (transport delay).
vpiNoDelay The object shall be set to the passed value with no delay. Argutingtp
shall be ignored and can be seNtdLL
vpiForceFlag The object shall be forced to the passed value with no delay (same as the
Verilog-AMS HDL proceduraforce). Argumenttime_pshall be ignored
and can be set fdULL
vpiReleaseFlag The object shall be released from a forced value (same as the Verilog-
AMS HDL proceduralreleasd. Argumenttime_pshall be ignored and
can be set taNULL The value_pshall contain the current value of the
object.
vpiCancelEvent A previously scheduled event shall be cancelled. The object passed to
vpi_put_value() shall be a handle to an object of typéSchedEvent
If the flagsargument also has the bit magkReturnEvent, vpi_put_value() shall return a
handle of typeapischedEventto the newly scheduled event, provided there is some form
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of a delay and an event is scheduled. If the bit mask is not used, or if no delay is used, or
if an event is not scheduled, the return value shalithe.

The handle to the event can be cancelled by caltingut_value() with the flag set to
vpiCancelEvent It shall not be an error to cancel an event which has already occurred. The
scheduled event can be tested by callgget() with the flagvpiScheduled If an event

is cancelled, it shall simply be removed from the event queue. Any effects which were
caused by scheduling the event shall remain in effect (e.g., events which were cancelled
due to inertial delay).

Calling vpi_free_object()on the handle shall free the handle but shall not effect the event.

Sequential UDPs shall be set to the indicated value with no delay regardless of any delay
on the primitive instance.

Note: vpi_put_value() shall only return a function value ircalitf application, when the call to the
function is active. The action @pi_put_value() to a function shall be ignored when the function is not

active.
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Thes_vpi_value ands_vpi_time  structures used byi_put_value() are defined in
vpi_user.n  and are listed in Figures 13-15 and 13-16.

typedef struct t_vpi_value {

}s_vpi_value, *p_vpi_value;

int format; /* vpi[[Bin,Oct,Dec,Hex]Str,Scalar,Int,Real,String,
Time,Vector,Strength,ObjType]Val*/

union {

char *str;

int scalar; /* vpi[0,1,X,Z] */

int integer;

double real;

struct t_vpi_time *time;

struct t_vpi_vecval *vector;

struct t_vpi_strengthval *strength;

char *misc;
} value;

Figure 13-15 The s_vpi_value structure definition

typedef struct t_vpi_time {

} s_vpi_time, *p_vpi_time;

int type; /* for vpiScaledRealTime, vpiSimTime */
unsigned int high, low; /* for vpiSimTime */
double real; [* for vpiScaledRealTime */

Figure 13-16 The s_vpi_time structure definition

For vpiScaledRealTimg the indicated time shall be in the timescale associated with the
object.

Verilog-AMS Language Reference Manual Version 2.0



VPI routine definitions

13.30 vpi_register _cb()

vpi_register_ch()

Synopsis: Register simulation-related callbacks.
Syntax: vpi_register_cb(cb_data_p)

Type Description
Returns: vpiHandle Handle to the callback object

Type Name Description
Arguments: p_cb_data cb_data_p Pointer to a structure with data about when callbacki$

should occur and the data to be passed

Related Use vpi_register_systf() to register callbacks for user-defined system tasks and functions
routines: Use vpi_remove_ch() to remove callbacks registered with vpi_register_ch()

The VPI routinevpi_register_cb()is used for registration of simulation-related callbacks
to a user-provided application for a variety of reasons during a simulation. The reasons
for which a callback can occur are divided into three categories:

¢ Simulation event
e Simulation time
e Simulation action or feature

How callbacks are registered for each of these categories is explained in the following
paragraphs.

Thecb_data_pargument shall point tosacb_data structure, which is defined in
vpi_user.h  and given in Figure 13-17.

typedef structt_cb_data {

int reason;

int (*cb_rtn)();

vpiHandle obj;

p_vpi_time time; [* structure defined in vpi_user.h */

p_vpi_value value;  /* structure defined in vpi_user.h */

intindex; /* index of memory word or var select which changed */

char *user_data; /* user data to be passed to callback function */
} s _cb_data, *p_cb_data;

Version 2.0

Figure 13-17 The s_cb_data structure definition

For all callbacks, theesasorfield of thes_cb_data structure shall be set to a predefined
constant, such asVvalueChange cbAtStartOfSimTime , cbEndOfCompile, etc. The reason
constant shall determine when the user application shall be called back. Refer to the
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vpi_user.h  file listing in Annex Cof thelEEE 1364-1995 Verilog HDEpecification
for a list of all callback reason constants.

Thecb_rtnfield of thes_cb_data structure shall be set to the application routine name,
which shall be invoked when the simulator executes the callback. The use of the
remaining fields are detailed in the following sub clauses.

13.30.1 Simulation-event-related callbacks

Thevpi_register_cb() callback mechanism can be registered for callbacks to occur for
simulation events, such as value changes on an expression or terminal, or the execution
of a behavioral statement. When the data_p->reasofield is set to one of the

following, the callback shall occur as described below:

cbValueChange After value change on an expression or terminal

chStmt Before execution of a behavioral statement

cbForce/cbRelease After a force or release has occurred

cbAssign/cbDeassign After a procedural assign or deassign statement has been executed

cbDisable After a named block or task containing a system task or function has been
disabled

The following fields shall need to be initialized before passingstlee_data structure
to vpi_register_cb()

cb_data_p->obj This field shall be assigned a handle to an expression, terminal, or
statement for which the callback shall occur. For force and release
callbacks, if this is set ttNULL, every force and release shall generate a
callback.

cb_data_p->time->type This field shall be set to eitherpiScaledRealTime or vpiSimTime,
depending on what time information the user application requires during
the callback. If simulation time information is not needed during the
callback, this field can be setupiSuppressTime

cb_data_p->value->format This field shall be set to one of the value formats indicated in Table 13-6.
If value information is not needed during the callback, this field can be set
to vpiSuppressVal ForcbStmt callbacks, value information is not passed
to the callback routine, so this field shall be ignored.

Table 13-6—Value format field of cb_data_p->value->format

Format Registers a callback to return
vpiBinStrVal String of binary char(s)], 0, x, 2
vpiOctStrval String of octal char(sOF7, x, X, z, 4
vpiDecStrVal String of decimal char(s) [0-9]
vpiHexStrVal String of hex char(s)oH, x, X, z, 4
vpiScalarVal vpil, vpi0, vpiX, vpiZ, vpiH, vpiL
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Table 13-6—Value format field of cb_data_p->value->format, continued

Format Registers a callback to return

vpilntVal Integer value of the handle

vpiRealVal Value of the handle as a double
vpiStringVal An ASCII string

vpiTimeVal Integer value of the handle using two integers
vpiVectorVal aval/bvalrepresentation of the value of the object

vpiStrengthVal Value plus strength information of a scalar object only

vpiObjectVal Return a value in the closest format of the object

When a simulation event callback occurs, the user application shall be passed a single
argument, which is a pointer to ancb_data  structure (this is not a pointer to the same
structure which was passedvig_register_cb()). Thetimeandvalueinformation shall be

set as directed by the tinhgpeandvalueformat fields in the call tepi_register_cb(). The
user_datdield shall be equivalent to theser_datdield passed topi_register_cb(). The

user application can use the information in the passed structure and information retrieved
from other VPI interface routines to perform the desired callback processing.

For acbvalueChangecallback, if theobjis a memory word or a variable array, thalue

in thes_cb_data structure shall be the value of the memory word or variable select
which changed value. Thiedexfield shall contain the index of the memory word or
variable select which changed value.

For cbForce, chRelease cbAssign andcbDeassigncallbacks, the object returned in thig
field shall be a handle to the force, release, assign or deassign statemerdluiiield
shall contain the resultant value of the LHS expression. In the case of a releasdythe
field shall contain the value after the release has occurred.

Examples:

The following example shows an implementation of a simple monitor functionality for
scalar nets, using a simulation-event-related callback.

setup_monitor(net)

vpiHandle net;

{
static s_vpi_time time_s = {vpiScaledRealTime};
static s_vpi_value value_s = {vpiBinStrVval};
statics_cb_datacb_data s =

{cbValueChange, my_monitor, NULL, &time_s, &value_s};

char *net_name = vpi_get_str(vpiFullName, net);
cb_data_s.obj = net;
cb_data_s.user_data = malloc(strlen(net_name)+1);
strcpy(cb_data_s.user_data, net_name);
vpi_register_ch(&ch_data_s);
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my_monitor(cb_data_p)
p_cb_data cb_data_p; {
vpi_printf(“%d %d: %s = %s\n”,
cb_data_p->time->high, cb_data_p->time->low,
cb_data_p->user_data,
cb_data_p->value->value.str);

Simulation-time-related callbacks

Thevpi_register_cb() can register callbacks to occur for simulation time reasons, include
callbacks at the beginning or end of the execution of a particular time queue. The
following time-related callback reasons are defined:

CbAtStartOfSimTime Callback shall occur before execution of events in a specified time queue.
A callback can be set for any time, even if no event is present.

cbReadWriteSynch Callback shall occur after execution of events for a specified time.

cbReadOnlySynch Same agbReadWriteSynch except writing values or scheduling events
before the next scheduled event is not allowed.

cbNextSimTime Callback shall occur before execution of events in the next event queue.

cbAfterDelay Callback shall occur after a specified amount of time, before execution of

events in a specified time queue. A callback can be set for anytime, even if
no event is present.

The following fields shall need to be set before passing ithedata structure to

vpi_register_cb()

cb_data_p->time->type This field shall be set to eitherpiScaledRealTime or vpiSimTime,
depending on what time information the user application requires during
the callback.

cb_data_p->[time->low,time->high,time->real]

These fields shall contain the requested time of the callback or the delay
before the callback.

Thevaluefields are ignored for all reasons with simulation-time-related callbacks.

When thecb_data_p->time->typés set tovpiScaledRealTimg thecb_data_p->obfield
shall be used as the object for determining the time scaling.

For reasorbNextSimTime, the time structure is ignored.

When a simulation-time-related callback occurs, the user callback application shall be
passed a single argument, which is a pointer 0 @ndata structure (this is not a
pointer to the same structure which was passepi_t@gister_cb()). Thetime structure

shall contain the current simulation time. Theer_datdield shall be equivalent to the
user_datéafield passed topi_register_ch().

The callback application can use the information in the passed structure and information
retrieved from other interface routines to perform the desired callback processing.
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Simulator analog and related callbacks

Thevpi_register_ch() callback mechanism can be registered for callbacks to occur for
analog simulation events, such as acceptance of the initial or final analog solution. When
thecb_data p->reasofield is set to one of the following, the callback shall occur as
described below:

acblnitialStep Upon acceptance of the first analog solution

acbFinalStep Upon acceptance of the last analog solution

acbAbsTime Upon acceptance of the analog solution for the given time (this callback
shall force a solution at that time)

acbElapsedTime Upon acceptance of the solution advanced from the current solution by the
given interval (this callback shall force a solution at that time)

acbConvergenceTest Prior acceptance of the analog solution for the given time (this callback
allows rejection of the analog solution at that time and backup to an earlier
time)

acbAcceptedPoint Upon acceptance of the solution at the given time

Simulator action and feature related callbacks

Thevpi_register_cbh() can register callbacks to occur for simulator action reasons or
simulator feature reasorSimulator action reasorare callbacks such as the end of
compilation or end of simulatiosimulator feature reasorese software-product-

specific features, such as restarting from a saved simulation state or entering an
interactive mode. Actions are differentiated from features in that actions shall occur in
all VPI-compliant products, whereas features might not exist in all VPI-compliant
products.

The following action-related callbacks shall be defined:

cbEndOfCompile End of simulation data structure compilation or build
cbStartOfSimulation Start of simulation (beginning of tinesimulation cycle)
cbEndOfSimulation End of simulation (e.g$finish  system task executed)
CbError Simulation run-time error occurred

cbPLIError Simulation run-time error occurred in a PLI function calll
cbTchkViolation Timing check error occurred

Examples of possible feature related callbacks are

cbhStartOfSave Simulation save state command invoked

cbEndOfSave Simulation save state command completed

cbStartOfRestart Simulation restart from saved state command invoked

cbEndOfRestart Simulation restart command completed

cbEnterinteractive Simulation entering interactive debug mode (e¥stop system task
executed)
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cbExitinteractive Simulation exiting interactive mode
cbinteractiveScopeChange Simulation command to change interactive scope executed
cbUnresolvedSystf Unknown user-defined system task or function encountered

The only fields in thes_cb_data structure which need to be setup for simulation action/
feature callbacks are tineason cb_rtn, anduser_dat&(if desired) fields.

When a simulation action/feature callback occurs, the user routine shall be passed a
pointer to ars_cb_data structure. Theeasonfield shall contain the reason for the
callback. ForbTchkViolation callbacks, th@bj field shall be a handle to the timing
check. FokbinteractiveScopeChangeobj shall be a handle to the new scope. For
cbUnresolvedSystf user_datashall point to the name of the unresolved task or function.
On acbError callback, the routinepi_chk_error() can be called to retrieve error
information.

Examples:

The following example shows a callback application which reports cpu usage at the end
of a simulation. If the user routietup_report_cpu() is placed in the
vlog_startup_routines list, it shall be called just after the simulator is invoked.

static int initial_cputime_g;
void report_cpu()

int total = get_current_cputime() - initial_cputime_g;
vpi_printf(“Simulation complete. CPU time used: %d\n”, total);

}

void setup_report_cpu()

{
static s_cb_data cb_data_s = {cbEndOfSimulation, report_cpu};
initial_cputime_g = get_current_cputime();
vpi_register_ch(&cb_data_s);

}

Verilog-AMS Language Reference Manual Version 2.0



VPI routine definitions
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vpi_register_analog_systf()

Synopsis: Register user-defined system task/function-related callbacks.
Syntax: vpi_register_analog_systf(systf_data_p)

Type Description
Returns: vpiHandle Handle to the callback object

Type Name Description
Arguments: p_vpi_analog_sy systf_analog_data_p Pointer to a structure with data about when callback§

stf_data should occur and the data to be passed

Related Use vpi_register_systf() to register digital domain system tasks/functions.
routines: Use vpi_register_chb() to register callbacks for simulation-related events

The VPI routinevpi_register_analog_systf(shall register callbacks for user-defined analog
system tasks or functions. Callbacks can be registered to occur when a user-defined
system task or function is encountered during compilation or execution of analog
Verilog-AMS HDL source code. Tasks or functions can be registered with either the
analog or digital domain. The registration functiowi_(egister_analog_systf()or
vpi_register_systf() with which the task or function is registered shall determine the
context or contexts from which the task or function can be invoked and how and when
the call backs associated with the function shall be called. The task or function name
shall be unique in the domain in which it is registered. That is, the same name can be
shared by two sets of callbacks, provided that one set is registered in the digital domain
and the other is registered in the analog.

Thesystf_analog_data_argument shall point tosavpi_systf_analog_data
structure, which is defined ipi_user.h  and listed in Figure 13-18.

typedef struct t_vpi_systf_analog_data {

int type; /* vpiAnalogSysTask,vpiAnalogSysFunc */
int sysfunctype; /* vpi[lntFunc,RealFunc] */

char *tfname; [* first character shall be “$” */

int (*calltf)();

int (*compiletf)();
int (*sizetf)(); /* for vpiSizedFunc system functions only */
p_vpi_stf_partials (*derivtf)(); /* for partial derivatives */
char *user_data,;

} s_vpi_analog_systf_data, *p_vpi_analog_systf data;

Version 2.0

Figure 13-18 The s_vpi_analog_systf_data structure definition
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System task and function callbacks

User-defined Verilog-AMS system tasks and functions which use VPI routines can be
registered withvpi_register_systf() Or vpi_register_analog_systf() Thecalltf, compiletf and
sizetfsystem task/function-related callbacks are definegiimegister_systf()

Thetypefield of thes_vpi_systf_data structure shall register the user application to
be a system task or a system function. fifpefield value shall be an integer constant
of vpiAnalogSysTaskor vpiAnalogSysFunction

Thesysfunctypdield of thes_vpi_analog_systf_data structure shall define the type
of value which a system function shall return. Bgsfunctypdield shall be an integer
constant ofrpiintFunc of vpiRealFunc. This field shall only be used when thgefield is
set tovpiAnalogSysFunction

Thecompiletf calltf, sizetf andderivtffields of thes_vpi_analog_systf_data

structure shall be pointers to the user-provided applications which are to be invoked by
the system task/function callback mechanism. One or more cbimpiletf calltf, sizetf
andderivtffields can be set tNULLf they are not needed. Callbacks to the applications
pointed to by theompiletfandsizetffields shall occur when the simulation data structure

is compiled or built (or for the first invocation if the system task or function is invoked
from an interactive mode). Callbacks to the applications pointed to bgehetf fields

shall occur when registering partial derivatives for the analog system task/function
arguments or return value. Callbacks to the application pointed to bglitieoutine

shall occur each time the system task or function is invoked during simulation execution.

Theuser_datdield of thes_vpi_analog_systf_data structure shall specify a user-
defined value, which shall be passed back tatmepiletf sizetf derivtf, andcalltf
applications when a callback occurs.

The usage of theompiletf sizetf andcalltf routines for the analog system task/function
are identical to those of digital system task/functions registered/pvithgister_systf()
Refer to the description opi_register_systf()for more information.

Declaring derivatives for analog system task/functions

Analog system tasks and functions require partial derivatives of the outputs (arguments
for system tasks and the return value for system functions). Thusitis possible (though
not necessary) to have a partial derivative of the returned value with respect to any or all
of the arguments and a partial derivative of any particular argument with respect to any
or all of the other arguments.

Thederivtffield of thet_vpi_analog_systf_data structure can be called during the
build process (similar teizetj and returns a pointer ta avpi_stf_partials data
structure containing the required information. The purpose of this function is declarative
only, it does not assign any value to the derivative being declared. Having declared a
partial derivative using this function in tderivtf callback, values can then be
contributed to the derivative using the put_value  function in thecalltf call back.
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The t_vpi_stf_partials data structure is defined:

typedef struct t_vpi_stf_partials {
int count;
int *derivative_of; /* 0 = returned value, 1 = 1st arg, etc. */
int *derivative_wrt; /* 1 = 1st arg, 2 = 2nd arg, etc. */

} s_vpi_stf_partials, *p_vpi_stf_partials;

This data structure declares the derivative objects for the associated analog task/function.
During thecall_tf phase, their handles can be retrieved via callgitoandl_muilti().

13.31.3 Examples

The following example illustrates the declaration and use of callbacks in an analog
functionssampler()  which implements a sample and hold. The task is used as follows:

module sampnhold(out, in);
electrical out, in;
parameter real period = 1e-3;
analog begin
V(out) <+ $sampler(V(in), period);
end
endmodule

The VPI implementation of the sampler is as follows:

typedef struct {
vpiHandle returnHandle; /* Arg #0 (returned value) */
vpiHandle exprHandle; /* Arg #1 (sampled expression) */
double period; /* Arg #2 (static period expression) *
s_cb_data cb_data; [* callback structure */

S_vpi_value value;
/* value structure (holds the expression value) */
} s_sampler_data, *p_sampler_data;

/* Forward declarations */

static int sampler_callback(p_cb_data data);

static void schedule_callback(p_sampler_data sampler,
double currTime);

[* compiletf() */
static int sampler_compiletf(p_cb_data task_cb_data) {
vpiHandle functionHandle, returnHandle, exprHandle, periodHandle;
s_cb_data cb_data;
int type;
p_sampler_data sampler;
S_vpi_value value;

/* Retrieve handle to current function */
functionHandle = vpi_handle(vpiSysTfCall, NULL);

/* Get the handle on the expression argument*/
exprHandle = vpi_handle_by_index(functionHandle, 1);
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}

/* Check that expression argument exists */
if (lexprHandle) {
vpi_error("Not enough arguments for $sampler function.");

}

/* Check that expression argument is of real value */

type = vpi_get(vpiType, exprHandle);

if (type != vpiRealVal && type != vpiRealVar) {
vpi_error("Arg #1 of $sampler should be real valued.");
return 1;

}

/* Get the handle on the period argument */
periodHandle = vpi_handle_by index(functionHandle, 2);

/* Check that period argument exists */
if (IperiodHandle) {
vpi_error("Not enough arguments for $sampler function.");

}

/* Check that period argument has a real value */

type = vpi_get(vpiType, periodHandle);

if (type != vpiRealVal && type != vpiRealVar) {
vpi_error("Arg #2 of $sampler should be real valued");
return 1;

}

/* Schedule callback for time =0 */
sampler->cb_data.reason = cbEndOfCompile;
sampler->cb_data.cb_rtn = sampler_postcompile_cb;
sampler->cb_data.time.type = 0;
sampler->cb_data.user_data = (char *) functionHandle;
sampler->cb_data.time.real = 0.0;
schedule_callback(sampler, 0.0);

vpi_register_cb(&sampler->cb_data);

return O;

[* calltf */
static int sampler_calltf(int data, int reason) {

vpiHandle funcHandle;
p_sampler_data sampler = (p_sampler_data) data;
S_vpi_value value;

/* Retrieve handle to current function */
funcHandle = vpi_handle(vpiSysTfCall, NULL);
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[* Set returned value to held value */

vpi_set_value(sampler->returnHandle, &sampler->value, NULL,
vpiNoDelay);

return O;

/* initialization callback after compile */
static int sampler_postcompile_cb(p_cb_data data) {

}

vpiHandle functionHandle = (vpiHandle) data;
p_sampler_data sampler;
S_vpi_value value;

/* Allocate the instance data and initialize it*/
sampler = (p_sampler_data)malloc(sizeof(s_sampler_data));

/*Get the handle to the returned value, no need to check that one*/
sampler->returnHandle = vpi_handle_by index(functionHandle, 0);
sampler->exprHandle = vpi_handle_by index(functionHandle, 1);
sampler->periodHandle = vpi_handle_by_index(functionHandle, 2);

/* Get the period value, it is assumed to be constant */
/* (but not necessary) */

sampler->value.format = vpiRealVal;
vpi_get_value(periodHandle, &value);
sampler->period = value.value.real,

/* Schedule callback for time = period */
sampler->cb_data.reason = acbElapsedTime;
sampler->cb_data.cb_rtn = sampler_update_cb;
sampler->cb_data.time.type = vpiScaledTme;
sampler->cb_data.user_data = (char *) sampler;
sampler->cb_data.time.real = sampler->period;
schedule_callback(sampler, 0.0);

vpi_register_cb(&sampler->cb_data);

return O;

[* timer callback */
static int sampler_update_cb(p_cb_data data) {

p_sampler_data sampler = (p_sampler_data)data->user_data;
S_vpi_value value;

/* Hold expression value */
vpi_get_value(sampler->exprHandle, &value);

/* Schedule next callback */
sampler->cb_data.reason = acbAbsTime;
sampler->cb_data.cb_rtn = sampler_update_cb;
sampler->cb_data.time.type = vpiScaledTime;
sampler->cb_data.user_data = (char *) sampler;
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}

/*

sampler->cb_data.time.real =
vpi_get_analog_time() + sampler->period,;

register_callback(&sampler->cb_data);

return O;

* Public structure declaring the function

*/

static s_vpi_systf_data sampler_systf = {

vpiSysFunc, /* type: function / function */
vpiRealFunc, [* returned type */
"$sampler", /* name */

sampler_calltf, /* calltf callback */
sampler_compiletf, /* compiletf callback */

0, /* unused: sizetf callback */
0, /* unused: derivtf callback */
0 /* user_data: nothing */
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13.32 vpi_register_systf()

vpi_register_systf()

Synopsis: Register user-defined system task/function-related callbacks.
Syntax: vpi_register_systf(systf_data_p)

Type Description
Returns: vpiHandle Handle to the callback object

Type Name Description
Arguments: p_vpi_systf _data systf _data_p Pointer to a structure with data about when callbacks

should occur and the data to be passed

Related Use vpi_register_analog_systf() to register analog system task/functions.
routines: Use vpi_register_chb() to register callbacks for simulation-related events

The VPI routinevpi_register_systf()shall register callbacks for user-defined system tasks
or functions. Callbacks can be registered to occur when a user-defined system task or
function is encountered during compilation or execution of Verilog-AMS HDL source
code.

Thesystf data_mrgument shall point tosavpi_systf_data structure, which is
defined invpi_user.h  and listed in Figure 13-19.

typedef struct t_vpi_systf_data {

int type; /* vpiSys[Task,TaskA,Function,FunctionA] */
int sysfunctype; /* vpi[IntFunc,RealFunc,TimeFunc,SizedFunc] */
char *tfname; [* first character shall be “$" */

int (*calltf)();
int (*compiletf)();
int (*sizetf)(); /* for vpiSizedFunc system functions only */
char *user_data;
} s_vpi_systf_data, *p_vpi_systf data;

13.32.1

Version 2.0

Figure 13-19 The s_vpi_systf data structure definition

System task and function callbacks

User-defined Verilog-AMS system tasks and functions which use VPI routines can be
registered withvpi_register_systf() The following system task/function-related callbacks
are defined.

Thetypefield of thes_vpi_systf data structure shall register the user application to
be a system task or a system function. fiipefield value shall be an integer constant

of vpiSysTaskor vpiSysFunction vpiSysTaskshall register a task with the digital domain.
vpiSysFunction shall register a function with the digital domain.
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Thesysfunctypdield of thes_vpi_systf_data structure shall define the type of value
the system function returns. Thgsfunctypdield shall be an integer constant of
vpilntFunc, vpiRealFunc, vpiTimeFunc, Or vpiSizedFunc This field shall only be used when
thetypefield is set tospiSysFunction

Thecompiletf calltf, andsizetffields of thes_vpi_systf data structure shall be

pointers to the user-provided applications which are to be invoked by the system task/
function callback mechanism. One or more ofdbmpiletf calltf, andsizetffields can

be set taNULL if they are not needed. Callbacks to the applications pointed to by the
compiletfandsizetffields shall occur when the simulation data structure is compiled or
built (or for the first invocation if the system task or function is invoked from an
interactive mode). Callbacks to the application pointed to by &héf routine shall occur

each time the system task or function is invoked during simulation execution.

Thesizetfapplication shall only called if the PLI application typegisysFunctionand
thesysfunctypés vpiSizedFunc If no sizetfis provided, a user-defined system function of
vpiSizedFuncshall return 32-bits.

Theuser_datdield of thes_vpi_systf_data structure shall specify a user-defined
value, which shall be passed back to teenpiletf sizetf andcalltf applications when a
callback occurs.

Examples:

The following example application demonstrates dynamic linking of a VPI system task.
The example uses an imaginary routiiek() , which accepts a file name and a
function name and then links that function dynamically. This routine derives the target
file and function names from the targgstfname.

link_systf(target)
char *target;
{
char task_name[strSize];
char file_name[strSize];
char compiletf_name[strSize];
char calltf_name|[strSize];
static s_vpi_systf data task_data_s = {vpiSysTask};
static p_vpi_systf data task data p = &task_data_s;

sprintf(task_name, “$%s”", target);
sprintf(file_name, “%s.0", target);
sprintf(compiletf_name, “%s_compiletf”’, target);
sprintf(calltf_name, “%s_calltf”, target);

task_data_p->tfname = task_name;

task_data_p->compiletf = (int (*)()) dlink(file_name,
compiletf_name);

task_data_p->calltf = (int (*)()) dlink(file_name, calltf_name);

vpi_register_syst{task_data_p);
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Initializing VPI system task/function callbacks

A means of initializing system task/function callbacks and performing any other desired
task just after the simulator is invoked shall be provided by placing routinegJir-a
terminated static arraylog_startup_routines. A C function using the array definition shall

be provided as follows:

void ( *vlog_startup_routines[]) ();

This C function shall be provided with a VPI-compliant product. Entries in the array
shall be added by the user. The locationaf startup_routines and the procedure for

linking viog_startup_routines with a software product shall be defined by the product
vendor. (Callbacks can also be registered or removed at any time during an application
routine, not just at startup time).

This array of C functions shall be for registering system tasks and functions. User tasks
and functions which appear in a compiled description shall generally be registered by a
routine in this array.

Examples:

The following example usegog_startup_routines to register system tasks and functions
and to run a user initialization routine.

/*In a vendor product file which contains vlog_startup_routines ...*/
extern void register_my_systfs();

extern void my_init();

void ( *vlog_startup_routines[])() =

{
setup_report_cpu,/* user routine example in 23.24.3 */
register_my_systfs,/* user routine listed below */
0 /* shall be last entry in list */

}

/* In a user provided file... */
void register_my_systfs()
{
static s_vpi_systf data systf data_list[] = {
{vpiSysTask, 0 “$my_task”, my_task_calltf, my_task_compiletf},
{vpiSysFunc, vpilntFunc,”$my_func”, my_func_calltf,
my_func_compiletf},
{vpiSysFunc, vpiRealFunc, “$my_real_func”, my_rfunc_calltf,
my_rfunc_compiletf},
{0}
%

p_vpi_systf data systf data p = &amp;(systf_data_list[0]);

while (systf_data_p-&gt;type)
vpi_register_systf(systf _data_p++);
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13.33 vpi_remove ch()

vpi_remove_ch()

Synopsis: Remove a simulation callback registered with vpi_register_ch().
Syntax: vpi_remove_cb(cb_obj)

Type Description
Returns: bool 1 (true) if successful) (false) on a failure

Type Name Description
Arguments: vpiHandle cb_obj Handle to the callback object
Related Use vpi_register_cb() to register callbacks for simulation-related events
routines:

The VPI routinevpi_remove_cb()shall remove callbacks which were registered with
vpi_register_ch(). The argument to this routine shall be a handle to the callback object. The
routine shall return a (TRUB if successful, and @ (FALSE) on a failure. After
vpi_remove_ch()is called with a handle to the callback, the handle is no longer valid.
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13.34 vpi_scan()

vpi_scan()

Synopsis:

Scan the Verilog-AMS HDL hierarchy for objects with a one-to-many relationship.

Syntax:

vpi_scan(itr)

Returns:

Type Description

vpiHandle Handle to an object

Arguments:

Type Name Description

vpiHandle itr Handle to an iterator object returned from vpi_iterate(

Related
routines:

Use vpi_iterate() to obtain an iterator handle
Use vpi_handle() to obtain handles to an object with a one-to-one relationship
Use vpi_handle_multi() to obtain a handle to an object with a many-to-one relationship

Version 2.0

The VPI routinevpi_scan()shall traverse the instantiated Verilog-AMS HDL hierarchy
and return handles to objects as directed by the itatatdihe iterator handle shall be
obtained by callingpi_iterate() for a specific object type. Onegi_scan() returnsNULL,

the iterator handle is no longer valid and can not be used again.

Examples:

The following example application usgs_iterate() andvpi_scan()to display each net
(including the size for vectors) declared in the module. The example assumes it shall be
passed a valid module handle.

void display_nets(mod)
vpiHandle mod;

{

vpiHandle net;
vpiHandle itr;

vpi_printf(“Nets declared in module %s\n”,
vpi_get_str(vpiFullName, mod));

itr= vpi_iterate  (vpiNet, mod);
while (net = vpi_scan (itr))

{
vpi_printf(“\t%s”, vpi_get_str(vpiName, net));
if (vpi_get(vpiVector, net))

vpi_printf(* of size %d\n”, vpi_get(vpiSize, net));
}

else vpi_printf(*\n”);
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13.35 vpi_sim_control()

vpi_sim_control()

Synopsis:

Provide software-specific simulation control.

Syntax:

vpi_sim_control(flag, ...)

Returns:

Type Description

bool 1 (true) if successful) (false) on a failure

Arguments:

Type Name Description

int flag Descriptor of the simulation control request

var args Variable number and type of arguments depending on| flag

Related
routines:

NONE

13-64

The VPI routinevpi_sim_controkhall be used to pass information from user code to
Verilog simulator. All standard compliant simulators must support the following three
operations:

vpiStop - causestop built-in Verilog system task to be executed upon return of user
function. This operation shall be passed one additional diagnostic message level integer
argument that is the same as the argument passedi¢see 10.4.2).

vpiFinish - causesfinish built-in Verilog system task to be executed upon return of user
function. This operation shall be passed one additional diagnostic message level integer
argument that is the same as the argument passedsto(see 10.4.1).

vpiReset - causesresetinformative built-in Verilog system task to be executed upon
return of user VPI function. This operation shall be passed three integer value
argumentsstop_value , reset_value , diagnostic_level that are the same values
passed to thgresetsystem task (see section F.1BEE 1364-1995 Verilog HDL

vpiSetinteractiveScope - cause interactive scope to be immediately changed to new
scope. This operation shall be passed one argument thatiisadle object with type
vpiScope .

vpiRejectTransientStep - cause the current analog simulation timepoint to be
rejected. This operation shall pass one argument which is the current timestep (delta).

vpiTransientFailConverge - cause the current analog simulation to continue iterating
for a (valid) solution.

Because there may be a need for user VPI applications to pass simulator specific
information from back from a user application to control simulation, additional operators
and operation specific arguments may be defined.
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Annex A
Syntax

This annex contains the formal syntax definition of Verilog-AMS HDL. The

conventions used are described in Section 1. Any category whose nhame begins with the
italicized worddigital_ should be interpreted by its definition in the grammar given in
IEEE 1364-1995 Verilog HDIAnnex A, and not by the local definition given herein.
When such a category is defined herein (amjital_primary ::=), that definition should

be taken to supersede the definitionEEE 1364-1995 Verilog HDwhen used for
Verilog-AMS HDL. If any category is defined here and alsolfiEE 1364-1995 Verilog

HDL, itis arepetition of EEE 1364-1995 Verilog HDLThis is done for the convenience

of readers of this LRM.

A.1 Source text

source_text ::=

{description}

description ::=

module_declaration
| discipline_definition
| nature_definition
| connect_specification
| digital_udp_declaration
module_declaration ::=
module_keywordnodule identifier [digital_list_of ports ];
[ module_items ]

endmodule

module_keyword ::=

module

| macromodule
module_items ::=
{ module_item }
| analog_block

module_item ::=

module_item_declaration
| parameter_override
| module_instantiation
| digital_continuous_assignment
| digital_gate_instantiation
| digital_udp_instantiation
| digital_specify_block
| digital_initial_construct
| digital_always_construct

Version 2.0
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module_item_declaration ::=
parameter_declaration
| digital_input_declaration
| dgital_output_declaration
| digital_inout_declaration
| ground_declaration
| integer_declaration
| real_declaration
| net_discipline_declaration
| genvar_declaration
| branch_declaration
| analog_function_declaration
| digital_function_declaration
| digital_net_declaration
| dgital_reg_declaration
| digital_time_declaration
| dgital_realtime_declaration
| digital_event_declaration
| digital_task_declaration
parameter_override ::=
defparam list_of param_assignments

A.2 Natures

nature_declaration ::=
nature nature_name
[ nature_descriptions ]
endnature
nature_name ::=
nature identifier
| nature_identifier: parentidentifier
parent_identifier ::=
nature identifier
| discipline_identifierflow
| discipline_identifier.potential
nature_descriptions ::=
nature_description { nature_description }
nature_description ::=
attribute= constant_expressign
attribute ::=
abstol
| access
| ddt_nature
| idt_nature
| units
| attribute_identifier
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A.3 Disciplines

discipline_declaration ::=
discipline discipline_identifier
[ discipline_descriptions ]
enddiscipline
discipline_descriptions ::=
discipline_description { discipline_description }
discipline_description ::=
nature_binding
| attr_override
| domain_binding
nature_binding ::=
pot_or_flownature identifier;
attr_override ::=
pot_or_flow. attribute identifier= constant_expressign
pot_or_flow ::=
potential
| flow

domain_binding ::=
domain discrete
| domain continuous

A.4 Declarations

digital_net_declaration ::=
digital_net_declaration
| wreal [ list_of_identifiers ];
parameter_declaration ::=
parameter [opt_type] list_of param_assignments
opt_type ::=
real
| integer
list_of param_assignments ::=
declarator_init {, declarator_init}
declarator_init ::=
parameteridentifier = constant_expressidnopt_value_rangg
| parameter_arrayidentifier range= constant_param_arrayidiopt_value _rangg
opt_value_range ::=
from value_range_specifier
| excludevalue range_specifier
| excludevalue constant_expression
value_range_specifier ::=
start_range_spec expressiarexpression2 end_range_spec
value_range_specifier ::=
start_paren expressionkxpression2 end_paren
start_paren ::=

L1(
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end_paren ::=
1)
expressionl ::=
constant_expressionihf
expression2 ::=
constant_expressiotinif
constant_param_arrayinit ::=
{ param_arrayinit_element_likt
param_arrayinit_element_list
param_arrayinit_element,{param_arrayinit_element }
param_arrayinit_element ::=
constant_expression
| { replicator_constant_expressidronstant_expressiph
integer_declaration ::=
integer list_of identifiers;
real_declaration ::=
real list_of_identifiers;
list_of identifiers ::=
var_name { var_name }
var_name ::=
variable_identifier
| array_identifier array_range
array_range ::=
[ upper_limit constant_expressiariower_limit_constant_expressidn
ground_declaration ::=
ground [ range ] list_of nets ;
net_discipline_declaration ::=
discipline_identifier [range] list_of_nets
list_ of nets::=
net identifier [ range ]
| net_identifier [ range ] list_of_nets
range ::=
[ constant_expressiarconstant_expressign
branch_declaration ::=
branch list_of branches
list_of branches ::=
terminals list_of branch_identifiers
terminals ::=
(‘net_or_port_scalar_expressipn
| (net_or_port_scalar_expressiomet_or_port_scalar_expressipn
list_of branch_identifiers ::=
branch identifier [ range ]
| branch identifier [ range ] list_of_branch_identifiers
genvar_declaration ::=
genvarlist_of _genvar_identifiers
list_of genvar_identifiers ::=
genvar identifier { , genvar identifier }
analog_function_declaration ::=
analog function[ type ]function_identifier ;
function_item_declaration { function_item_declaration }
statement
endfunction
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type ::=
integer
| real
function_item_declaration ::=
input_declaration
| block_item_declaration
block_item_declaration ::=
parameter_declaration
| integer_declaration
| real_declaration

A.5 Module instantiation

module_instantiation ::=
module identifier [ parameter_value_assignment ] instance_list
instance_list ::=
module_instance {module_instance }
module_instance ::=
name_of _instancé [ list_of _module_connections)]
name_of instance ::=
module_instancddentifier [ range ]
list_ of module_connections ::=
ordered_port_connection,{fordered_port_connection }
| named_port_connection famed_port_connection }
ordered_port_connection ::=
net_expression
named_port_connection ::=
. port_identifier ( net_expressioh
parameter_value_assignment ::=
# (ordered_param_override_ljst
| # (named_param_override_ljst
ordered_param_override_list ::=
constant_or_constant_array_expressigednstant_or_constant_array_expression }
named_param_override_list ::=
named_param_override, hamed_param_override }
named_param_override ::=
. parameter identifier ( constant_or_constant_array_expres$ion
constant_or_constant_array_expression ::=
constant_expression
| constant_array_expression
net_expression ::=
net identifier
| net_identifier[ expression
| net_identifier[ msb_constant_expressiarisb_constant_expressidn
| net_concatenation
net_concatenation ::=
{ net_expression_lit
net_expression_list ::=
net_expression {net_expression }
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A.6  Mixed-signal

connectmodule_declaration ::=
connectmodulemodule_identifie connectmod_portconnectmod_poit;
[ module_items ]
endmodule
connectmod_port ::=
connectmod_ portdentifier
connect_specification ::=
connectrulesconnectruleidentifier;
{connect_spec_item }
endconnectrules
connect_spec_item ;=
connect_insertion
| connect_resolution
connect_insertion :;:=
connectconnect_moduldadentifier connect_attributes
[ [ direction ]discipline_identifier, [ direction ]discipline identifier ] ;
connect_attributes ::=
[ connect_mode] #( attribute_list) ]
connect_mode ::=
merge
| split
attribute_list ::=
attribute
| attribute_list, attribute
attribute ::=
.parameter identifier ( expressior)
direction ::=
input
| output
| inout
discipline_list ::=
discipline identifier
| discipline_list, discipline_identifier
connect_resolution ::=
connectdiscipline_listresolvetodiscipline identifier,

discipline_list ::=
discipline identifier
| discipline_list, discipline_identifier

A.7 Behavioral statements

analog_block ::=
analoganalog_statement
analog_statement ::=
analog_seq_block
| analog_branch_contribution
| analog_indirect_branch_assignment
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| analog_procedural_assignment
| analog_conditional_statement
| analog_for_statement
| analog_case_statement
| analog_event_controlled_statement
| system_task_enable
| statement
statement ::=
seq_block
| procedural_assignment
| conditional_statement
| loop_statement
| case_statement
analog_seq_block ::=
begin|[ : block identifier { block_item_declaration } ]
{ analog_statement }
end
analog_statement_or_null ::=
analog_statement |
analog_branch_contribution ::=
bvalue<+ analog_expressian
analog_indirect_branch_assignment ::=
bvalue: nexpr== analog_expression
nexpr ::=
bvalue
| pvalue
| ddt ( bvalue | pvalug
| idt ( bvalue | pvalug
analog_procedural_assignment ::=
lexpr = analog_expressiagn
lexpr ::=
integer identifier
| real_identifier
| array_element
array_element ::=
integer identifier [ expression
| real_identifier[ expression
analog_conditional_statement ::=
if ( genvar_expressionanalog_statement_or_null
[ elseanalog_statement_or_null ]
analog_case_statement ::=
case (genvar_expressignanalog_case_item { analog_case_iteen$icase
| casex (genvar_expressignanalog_case_item { analog_case_iteandlcase
| casez (genvar_expressignanalog_case_item { analog_case_iteangicase
analog_case_item ::=
genvar_expression,{genvar_expression:}analog_statement_or_null
| default [ : ] analog_statement_or_null
analog_for_statement ::=
for ( genvar_assignmengenvar_expressian
genvar_assignmehtanalog_statement
event_control_statement ::=
event_control statement_or_null
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event_control ::=
@ event identifier
| @ (event expressior)
analog_eventexpression ::=
global_event
| event_function
| digital_expression
| event_identifier
| posedgealigital_expression
| negedgeligital_expression
| event_expressiaor event_expression
digital_eventexpression ::=
digital_expression
| event identifier
| posedgedigital_expression
| negedgdligital_expression
| event_function
| dgital_event_expressioor digital_event_expression
global_event ::=
initial_step [ (analysis_lis) ]
| final_step[ (analysis_lis) ]
analysis_list ::=
analysis_name {analysis_name }
analysis_name ::=
" analysis identifier”
event_function ::=
cross_function
| timer_function
cross_function ::=
cross (arg_list)
timer_function ::=
timer ( arg_list)
statement_or_null ::=
statement
system_task_enable ::=
system_task_namg fexpression { expression }) | ;
system_task_name ::=
Sidentifier
Note: The$ may not be followed by a space.
seq_block ::=
begin|[ : block identifier { block_item_declaration } ]
{ statement }
end
procedural_assignment ::=
lexpr = expression
conditional_statement ::=
if ( expressior) statement_or_null
[ elsestatement_or_null ]
case_statement ::=
case (expressior) case_item {case_itengndcase
| casex (expression case_item {case_iteng@ndcase
| casez (expressiorn) case_item {case_itemgndcase
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case_item ::=
expression { expression } statement_or_null
| default [ : ] statement_or_null
loop_statement ::=
repeat (expressiorn statement
| while ( expression statement
| for ( procedural_assignmenexpression
procedural_assignmepstatement

A.8 Analog expressions

analog_expression ::=
expression
| analog_operatdranalog_operator_arg_list
analog_operator_arg_list ::=
analog_operator_argument §nalog_operator_argument }
analog_operator_argument ::=
| expression
| constant_array_expression
| analog_operatdranalog_operator_arg_list
analog_operator ::=
ddt |idt |idtmod | absdelay|transition |slew|
| laplace_zd|laplace_zp|laplace_np|laplace_nd
| zi_zp|zi_zd|zi_np|zi_nd |last_crossing| ac_stim
| limexp | white_noise| flicker_noise | noise_table
genvar_expression ::=
genvar_primary
| unary_operator genvar_primary
| genvar_expression binary_operator genvar_primary
| genvar_expressidhgenvar_expressiangenvar_expression
| string
genvar_primary ::=
constant_primary
| genvar_identifier
| genvar_identifier [ genvar_expression ]
| analysis (arg_list)
genvar_assignment ::=
genvar_identifie= genvar_expression

A.9 Expressions

range ::=
[ constant_expressiarconstant_expressign
constant_expression ::=
constant_primary
| string
| unary_operator constant_primary
| constant_expression binary_operator constant_expression
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| constant_expressidhconstant_expressiarconstant_expression
| constant_array_expression
| attribute_reference
| built_in_function(const_arg_lis}
const_arg_list ::=
constant_expression,{onstant_expression }
attribute_reference ::=
net_identifier. pot_or_flow. attribute_identifier
constant_primary ::=
number
| parameteridentifier
| constant concatenation
constant_array_expression ::=
{ constant_arrayinit_element fonstant_arrayinit_elementg}
constant_arrayinit_element ::=
constant_expression
| integer_constant_expressidnconstant_expressign
expression ::=
primary
| unary_operator primary
| expression binary_operator expression
| expressior? expression expression
| function_call
| access_function_reference
| built_in_function( arg_list)
| system_functiolf arg_list)

function_call ::=
function_identifier ( expression { expression }
arg_list ::=
argument {, argument}
argument ::=
expression

| constant_array_expression
constant_array_expression ::=
{ constant_array_init_element,{constant_array_init_element } }
constant_array_init_element ::=
constant_expression
| integer constant_expression,{constant_expression }
access_function_reference ::=
bvalue
| pvalue
bvalue ::=
access_identifief analog_signal_lisk
analog_signal_list ::=
branch_identifier
| array_branch identifier [ genvar_expression ]
| net_or_port_scalar_expression
| net_or_port_scalar_expressiamet_or_port_scalar_expression
net_or_port_scalar_expression ::=
net_or_port identifier
| array_net_or_portidentifier [ genvar_expression ]
| vector_net_or_portidentifier [ genvar_expression ]
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pvalue ::=
flow_access_identifief < port_scalar_expression)
port_scalar_expression ::=
port_identifier
| array_port identifier [ genvar_expression |
| vector_port identifier [ genvar_expression ]
unary_operator ::=
H- ]~
binary_operator ::=
- % == |==== |1==]&& | ||
<l <=l >>=[&[ [ [ ~]~"|>>] <<
digital_primary ::=
primary
primary ::=
number
| identifier
| identifier[ expression
| identifier[ digital_msb constant_expressiardigital_Isb_constant_expressidn
| digital_concatenation
| digital_multiple_concatenation
| digital_function_call
| (digital_mintypmax_expression
| string
| nexpr
| ( expression
number ::=
decimal_number
| digital_octal_number
| digital_binary_number
| digital_hex_number
| real_number
decimal_number ::=
[ sign ] unsigned_num
real_number ::=
[ sign ] unsigned_numunsigned_num
| [ sign ] unsigned_num.[unsigned_num [ sign ] unsigned_num
| [ sign ] unsigned_num.[unsigned_num E [ sign ] unsigned_num
| [ sign ] unsigned_num.[unsigned_num ] scale_factor
concatenation ::=
{ expression { expression }
sign ::=
+
| -
unsigned_num ::=
decimal_digit {_| decimal_digit }
digital_number ::=
number
decimal_digit ::=
0]112]3|4]|516]718]9
scale_factor ::=
TIGIM|K[k[m]u|n|p]|f]a
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built_in_function ::=
In [log |exp|sqrt | min | max | abs|pow | ceil | floor
| sin | cos|tan | asin| acos| atan | atan2
| sinh | cosh|tanh | asinh | acosh| atanh | hypot
driver_access_function ::=
driver_update | net_resolution
system_function ::=
$abstime| $realtime | $temperature | $vt | $bound_step| $discontinuity
| $driver_count | $driver_state | $driver_strength

A.10 General

comment ::=
short_comment

| long_comment
short_comment :;=

/I comment_textn
long_comment ::=

/* comment_text/
comment_text ::=

{ Any_ASCII_character }
string ::=

" { Any_ASCII_character_except_newling'}
identifier ::=

IDENTIFIER [{ . IDENTIFIER }]

NOTE: The period in identifier may not be preceded or followed by a space.

IDENTIFIER ::=
simple_identifier
| escaped_identifier
simple_identifier ::=
[azA-Z_|{ a-zA-Z_$09}
escaped_identifier ::=
\{ Any_ASCII_character_except_white_space } white_space
white_space ::=
space
| tab
| newline
| formfeeds
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Annex B
Keywords

This annex contains the list of all keywords used in Verilog-AMS HDL.

B.1 All keywords

Keywords are predefined nonescaped identifiers which define Verilog-AMS HDL
language constructs. An escaped identifier shall not be treated as a keyword.
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abs
absdelay
acos
acosh
ac_stim
always
analog
analysis
and

asin

asinh
assign
atan

atan2
atanh
begin
branch

buf

bufif0
bufifl

case

casex
casez

ceil

cmos
connectrules
cos

cosh

Cross

ddt
deassign
default
defparam
disable
discipline
driver_update
edge

else

end
enddiscipline
endcase
endconnectrules
endmodule

endfunction
endnature
endprimitive
endspecify
endtable
endtask
event
exclude
exp
final_step
flicker_noise
floor

flow

for

force
forever
fork

from
function
generate
genvar
ground
highz0
highz1
hypot

idt

idtmod

if

ifnone

inf

initial
initial_step
inout

input
integer
join
laplace_nd
laplace_np
laplace_zd
laplace_zp
large
last_crossing
limexp

In
log

macromodule

max
medium
min
module
nand
nature
negedge

net_resolution

nmos
noise_table
nor

not
notif0
notifl

or
output
parameter
pmos
posedge
potential
pow
primitive
pull0
pulll
pullup
pulldown
rcmos
real
realtime
reg
release
repeat
rnmos
rpmos
rtran
rtranifO
rtranifl
scalared
sin

sinh
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slew
small
specify
specparam
sqrt
strong0
strongl
supplyO
supplyl
table
tan
tanh
task
time
timer
tran
tranifO
tranifl
transition
tri

tri0

tril
triand
trior
trireg
vectored
wait
wand
weak0
weakl
while
white_noise
wire
wor
wreal
xnor
xor
Zi_nd
zi_np
zi_zd
zi_zp
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Discipline/nature

Discipline and nature keywords are predefined nonescaped identifiers which define and
are only applicable to Verilog-AMS HDL discipline and nature constructs. All discipline
and nature keywords are used between the Verilog-AMS HDL keywstijgine and
enddisciplineand between the keywordsture andendnature. An escaped identifier shall

not be treated asdiscipline ornature keyword.

abstol
access
continuous
ddt_nature
discrete
domain
idt_nature
units

Connect rules

Connectrules keywords are predefined nonescaped identifiers which define and are only
applicable to Verilog-AMS HDL connect constructs. All connect rules keywords are
used between the Verilog-AMS HDL keyworgasnectrulesandendconnectrules An

escaped identifier shall not be treated asnaect_rules  keyword.

connect

merged

resolveto
split
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Annex C
Analog language subset

Prior to the release of Verilog-AMS HDL, the OVI board approved an analog-only
specification calle&/erilog-A v1.0 With the release of Verilog-AMS HDL, the

“official” Verilog—A LRMis no longer supported as it is included as part of the Verilog-
AMS HDL specification. This annex defines a working subset of Verilog-AMS HDL for
analog-only products.

C.1 Verilog-AMS introduction

This section previews Verilog-A and its language features.

C.l1 Verilog-A overview

This Verilog-A subset defines a behavioral language for analog only systems. Verilog-
A is derived from théEEE 1364-1995 Verilog HDEpecification using a minimum
number of constructs for analog and mixed-signal behavioral descriptions. This Annex
is intended to cover the definition and semantics of Verilog-A as proposed by OVI.

The intent of Verilog-A is to let designers of analog systems and integrated circuits
create and use modules which encapsulate high-level behavioral descriptions of systems
and components. The behavior of each module can be described mathematically in terms
of its terminals and external parameters applied to the module. These behavioral
descriptions can be used in many disciplines such as electrical, mechanical, fluid
dynamics, and thermodynamics.

Verilog-A has been defined to be applicable to both electrical and non-electrical systems
description. It supports conservative and signal-flow descriptions by using the
terminology for these descriptions using the concepts of nodes, branches, and terminals.
The solution of analog behaviors which obey the laws of conservation fall within the
generalized form of Kirchhoff's Potential and Flow Laws (KPL and KFL). Both of these
are defined in terms of the quantities associated with the analog behaviors.

C.1l2 Verilog-A language features

The Verilog-A subset provides access to a salient set of features of the full modeling
language that allow analog designers the ability to model analog systems:

Version 2.0 Verilog-AMS Language Reference Manual C-1



Analog language subset

Verilog-A modules are compatible with Verilog-AMS HDL.

Analog behavioral modeling descriptions are contained in a separate analog
block.

Branches can be named for easy selection and access.
Parameters can be specified with valid range limits.

Systems can be modeled by using expressions consisting of operators, variables,
and signals:

1. afull set of operators including trigonometric functions, integrals, and
derivatives;

2. a set of waveform filters to modify the waveform results for faster and more
accurate simulation like transition, slew, Laplace, and Z-domain;

3. a set of events to control when certain code is simulated:;

4. selection of the simulation time step for simulation control;

o

support for accessing SPICE primitives from within the language.

C.2 Lexical conventions

With the exception of certain keywords required for Verilog-AMS HDL, Section 2 is
applicable to both Verilog-A and Verilog-AMS HDL. All Verilog-AMS HDL keywords
shall be supported by Verilog-A as reserved words|BHE 1364-1995 Verilog HDL
and Verilog-AMS HDL specific keywords are not used in Verilog-A. The following
Verilog-AMS HDL keywords are not required to be supported for a fully compliant
Verilog-A subset:

From 2.5, Numbers: support fgrandz values is limited in the analog block only
to mixed-signal, as defined in 8.3.2.

From 2.6, Strings: support for regs and strings is limited to the digital context
only.

From 2.7.2, Keywords: certain keywords are not applicable in Verilog-A, as
defined in C.15.

C.3 Datatypes

The data types of Section 3 are applicable to both Verilog-AMS HDL and Verilog-A
with the following exceptions:

C-2
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* From 3.4.3.1, Domain binding: the domain binding tyigerete  shall be an
error in Verilog-A.

* From 3.5, Real net declarations: thveal data type is not supported in Verilog-A.

* From 3.6, Default discipline: theefault_discipline compiler directive is not
supported in Verilog-A. All Verilog-A modules shall have a discipline defined
for each module.

Note: This feature allows the use of digital modules in Verilog-AMS HDL without editing them to add
a discipline.

C.4 Expressions

The expressions defined in Section 4 are applicable to both Verilog-AMS HDL and
Verilog-A with the following exception:

The case equality operators-£, 1==) are not supported in Verilog-A.

C.5 Signals

The signals defined in Section 5 are applicable to both Verilog-AMS HDL and Verilog-
A.

C.6  Analog behavior

The analog behavior defined in Section 6 are applicable to both Verilog-AMS HDL and
Verilog-A with the following exceptions:

* No digital behavior or events are supported in Verilog-A.

» casexandcasezare not supported in Verilog-A.

C.7 Hierarchical structures

The hierarchical structure defined in Section 7 is applicable to both Verilog-AMS HDL
and Verilog-A, except support foeal value portgs only applicable to Verilog-AMS
HDL andIEEE 1364-1995 Verilog HDIsee 7.3.3).
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C.38

C.9

C.10

C.11

C.12

C.13

C.14

C-4

Mixed-signal

This section only applies to Verilog-AMS HDL.

Scheduling semantics

The analog simulation cycle is applicable to both Verilog-AMS HDL and Verilog-A.
The mixed signal simulation cycle from 9.2 is only applicable to Verilog-AMS HDL.

System tasks and functions

The system tasks and functions in Section 10 are applicable to both Verilog-AMS HDL
and Verilog-A.

Compiler directives

The compiler directives of Section 11 are applicable to both Verilog-AMS HDL and
Verilog-A.

Verilog-A also supports theefault_function_type_analogdirective, which allows user-
defined functions to be treated as analog functions in Verilog-A if they do not have the
key wordanalog as part of the definition. This is provided for backwards compatibility.

Using VPI routines

The analog behavior defined in Section 12 are applicable to both Verilog-AMS HDL and
Verilog-A.

VPI routine definitions

The analog behavior defined in Section 13 are applicable to both Verilog-AMS HDL and
Verilog-A.

Syntax

This annex (Annex C) defines the differences between Verilog-AMS HDL and Verilog-
A. Annex A defines the BNF for Verilog-AMS HDL.
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Keywords

Analog language subset

The keywords in this annex (Annex B) are the complete set of Verilog-AMS HDL
keywords, including those frohEEE 1364-1995 Verilog HDLT he following keywords
as defined in this LRM are not used by Verilog-A:

From B.1, All keywords:

connectmodule
connectrules
driver_update
endconnectrules
net_resolution
wreal

From B.2, Discipline/nature:

All keywords in this section are supported in Verilog-A.
From B.3, Connect rules:

connect
merged
split
resolvedto

Note: All keywords of Verilog-AMS HDL are reserved words for Verilog-A.

C.16 Standard definitions

The definitions of Annex D are applicable to both Verilog-AMS HDL and Verilog-A,
with the exception of those disciplines with a domaidifete.

C.17 SPICE compatibility

Annex E defines the SPICE compatibility for both Verilog-A and Verilog-AMS HDL.

C.18 Changes from Verilog-A LRM v1.0

Version 2.0

As part of the Verilog-AMS HDL development, some changes and clarifications have
occurred to the current Verilog-A subset. Most of the changes resulted in clarifications
or additional capability; but some new compatibility issues now exist. This subsection

highlights some of the key differences. The syntax and semantics of this document
supersede any syntax, semantics, or interpretations of the original document.

Verilog-AMS Language Reference Manual
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Table C.1 list the changed functions.

Table C.1—Changes from v1.0 syntax

Integer based functions

Real value equivalents to
$dist_functiong)

Feature OVI Verilog-A v1.0 OVI Verilog-AMS v2.0 Change type
Analog time $realtime $abstime new
Ceiling operator N/A ceil(expr) new
Floor operator N/A floor (expr) new
Circular integrator N/A idtmod (expr) new
Expression looping N/A genvar new
Distribution functions $distfunctiong) $rdist_functiong) new

Empty discipline

predefined as type wire

type not defined

default definition

C-6
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Implicit nodes ‘default_nodetype default type: empty discipline| default definition
discipline_identifier no domain type
default:wire
initial_step default =TRAN default =ALL default definition
final_step default =TRAN default =ALL default definition
Analogground no definition now a declaration statement definition
$realtime $realtime :timescale =1 sec| r&altime:timescale= definition
‘timescale def=1n,
see $abstime
Array setting aal0:1]={2.1=(1),4.5=(2) aaf0:1] = {2.1,4.5} syntax
Discontinuity function discontinuity (x) $discontinuity(x) syntax
Limiting exponential function |  $limexekpressiop limexp(expressioh syntax
Port branch access I(a,a) F: 5] syntax
Timestep control (maximum | bound_stefconst_expressig $bound_stexpr) syntax
stepsize) n)
Continuous waveform delay | delay() absdelay() syntax
User-defined analog function$ function analog function syntax
See C.11
Discipline domain N/A, assumed continuous now continutris(l) and Extension
discrete
k scalar (18) N/A, only “K” supported now supported Extension
Module keyword module moduleor macromodule Extension

Version 2.0
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Table C.1—Changes from v1.0 syntax, continued

Feature OVI Verilog-A v1.0 QOVI Verilog-AMS v2.0 Change type
Modulus operator integers  only now supportinteger  and Extension
reals
Time tolerance on timer func{ N/A supports additional time toler{ Extension
tions ance argument fdimer ()
Time tolerance on transition | N/A supports additional time toler{ Extension
filter ance argument fdransi-
tion()
‘default_nodetype ‘default_nodetype ‘default_discipline Obsolete
Forever statement forever N/A Obsolete
Generate statement generate N/A Obsolete
Null statement ; Limited to case, conditional,|] Obsolete

and event statements (see syjn-
tax)

C.19 Obsolete functionality

C.19.1

C.19.2

C.19.3

Version 2.0

The following statements are not supported in the current version of Verilog-AMS HDL,
they are only noted for backward compatibility.

Forever

This statement is no longer supported.

NULL

This statement is no longer supported. Certain functions such as case, conditionals and
the event statement do allow null statements as defined by the syntax.

Generate

Thegenerate statemeid a looping construct which is unrolled at elaboration time. Itis
the only looping statement that can contain analog operators. The syntax of generate
statement is shown in Figure C.1.
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C-8

generate_statement ::=
generateindexr_identifier ( start_expr, end_expr [ incr_expr ])
statement

start_expr ::=
constant_expression

end_expr ::=
constant_expression

incr_expr ::=
constant_expression

Figure C.1—Syntax for generate statement

The index shall not be assigned or modified in any way inside the loop. In addition, it is
local to the loop and is expanded when the loop is unrolled. Even if there is a local
variable with the same name as the index and the variable is modified as a side effect of
a function called from within the loop, the loop index is unaffected.

The start and end bounds and the increment are constant expressions. They are only
evaluated at elaboration time. If the expressions used for the increment and bounds
change during the simulation, it does not affect the behavior of the generate statement.

If the lower bound is less than the upper bound and the increment is negative, or if the
lower bound is greater than the upper bound and the increment is positive, then the
generate statement does not execute.

If the lower bound equals the upper bound, the increment is ignored and the statement
execute once. If the increment is not given, it is taken tei the lower bound is less
than the upper bound, ard if the lower bound is greater than the upper bound.

The statement, which can be a sequential block, is replicated with all occurrences of
index in the statement replaced by a constant. In the first instance of the statement, the
index is replaced with the lower bound. In the second, it is replaced by the lower bound
plus the increment. In the third, it is replaced by the lower bound plus two times (2x) the
increment. This pattern is repeated until the lower bound plus a multiple of the increment
is greater than the upper bound.

Examples:

This module implements a continuously running (unclocked) analog-to-digital
converter.

module adc(in,out) ;
parameter bits=8, fullscale=1.0, dly=0.0, ttime=10n;
input in;
output [0:bits-1] out;
electrical in;
electrical [0:bits-1] out;
real sample, thresh;
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analog begin
thresh = fullscale/2.0;
generatei (bits-1,0) begin
V(out]i]) <+ transition(sample > thresh, dly, ttime);

if (sample > thresh) sample = sample - thresh;
sample = 2.0*sample;
end
end
endmodule
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This annex contains the standard definition packatigsp(ines.vams

constants.vams ) for Verilog-AMS HDL.

D.1 Thedisciplines.vams file

“ifdef DISCIPLINES_VAMS
“else
“define DISCIPLINES_VAMS 1

1
/I Natures and Disciplines
1

discipline logic
domain discrete
enddiscipline

/*
* Default absolute tolerances may be overriden by setting the
* appropriate _ABSTOL prior to including this file
*/

/I Electrical

/I Current in amperes
nature Current

units ="A";

access =1,

idt_nature = Charge;
“ifdef CURRENT_ABSTOL

abstol ="CURRENT_ABSTOL;
“else

abstol =1e-12;
“endif
endnature

Version 2.0 Verilog-AMS Language Reference Manual
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/I Charge in coulombs
nature Charge
units  ="coul";
access =0Q;
ddt_nature = Current;
“ifdef CHARGE_ABSTOL

abstol ='CHARGE_ABSTOL;

“else

abstol = le-14;
“endif
endnature

/I Potential in volts
nature Voltage
units  ="V";
access =V,
idt_nature = Flux;
“ifdef VOLTAGE_ABSTOL

abstol ='VOLTAGE_ABSTOL;

“else

abstol = 1le-6;
“endif
endnature
/I Flux in Webers
nature Flux

units  ="Wb",

access = Phi;
ddt_nature = Voltage;
“ifdef FLUX_ABSTOL

abstol ='FLUX_ ABSTOL,;
“else

abstol =1le-9;
“endif
endnature

/I Conservative discipline

discipline electrical
potential Voltage;
flow Current;

enddiscipline

/I Signal flow disciplines

discipline voltage
potential Voltage;

enddiscipline

discipline current
potential Current;
enddiscipline

D-2

Verilog-AMS Language Reference Manual

Version 2.0



Standard definitions

/I Magnetic

/l Magnetomotive force in Ampere-Turns.
nature Magneto_Motive_Force

units  ="A*turn";

access = MMF;
“ifdef MAGNETO_MOTIVE_FORCE_ABSTOL

abstol = MAGNETO_MOTIVE_FORCE_ABSTOL;
“else

abstol =1le-12;
“endif
endnature

/I Conservative discipline

discipline magnetic
potential Magneto_Motive_Force;
flow Flux;

enddiscipline

/I Thermal

/I Temperature in Kelvin
nature Temperature
units  ="K";
access = Temp;
‘ifdef TEMPERATURE_ABSTOL
abstol ='TEMPERATURE_ABSTOL;
“else
abstol =1e-4;
“endif
endnature

/I Power in Watts
nature Power
units  ="W"
access = Pwr;
“ifdef POWER_ABSTOL

abstol ='POWER_ABSTOL,;
“else

abstol =1le-9;
“endif
endnature

/I Conservative discipline
discipline thermal
potential Temperature;
flow Power;
enddiscipline
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/I Kinematic

/I Position in meters
nature Position
units  ="m";
access = Pos;
ddt_nature = Velocity;
“ifdef POSITION_ABSTOL
abstol ='POSITION_ABSTOL;
“else
abstol = 1le-6;
“endif
endnature

/I Velocity in meters per second
nature Velocity
units  ="m/s";
access = Vel;
ddt_nature = Acceleration;
idt_nature = Position;
“ifdef VELOCITY_ABSTOL
abstol ='VELOCITY_ABSTOL;
“else
abstol =1e-6;
“endif
endnature

/I Acceleration in meters per second squared
nature Acceleration

units  ="m/s"2";

access = Acc;

ddt_nature = Impulse;

idt_nature = Velocity;
“ifdef ACCELERATION_ABSTOL

abstol = ACCELERATION_ABSTOL;
“else

abstol =1e-6;
“endif
endnature

/I Impulse in meters per second cubed
nature Impulse

units  ="m/s"3",

access = Imp;

idt_nature = Acceleration;
“ifdef IMPULSE_ABSTOL

abstol = 'IMPULSE_ABSTOL;
“else

abstol = 1le-6;
“endif
endnature
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/I Force in Newtons
nature Force

units  ="N";
access =F;
“ifdef FORCE_ABSTOL
abstol ='FORCE_ABSTOL,;
“else
abstol = 1le-6;
“endif
endnature

/I Conservative disciplines

discipline kinematic
potential Position;
flow Force;

enddiscipline

discipline kinematic_v
potential Velocity;
flow Force;

enddiscipline

// Rotational

/I Angle in radians
nature Angle

units  ="rads";

access = Theta;

ddt_nature = Angular_Velocity;
“ifdef ANGLE_ABSTOL

abstol = ANGLE_ABSTOL,;
“else

abstol = 1le-6;
“endif
endnature

/I Angular Velocity in radians per second
nature Angular_Velocity
units  ="rads/s";
access = 0Omega;
ddt_nature = Angular_Acceleration;
idt_nature = Angle;
“ifdef ANGULAR_VELOCITY_ABSTOL
abstol = ANGULAR_VELOCITY_ABSTOL;
“else
abstol =1e-6;
“endif
endnature
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/I Angular acceleration in radians per second squared
nature Angular_Acceleration

units  ="rads/s"2";

access = Alpha;

idt_nature = Angular_Velocity;
“ifdef ANGULAR_ACCELERATION_ABSTOL

abstol = ANGULAR_ACCELERATION_ABSTOL;
“else

abstol =1e-6;
“endif
endnature

/I Torque in Newtons
nature Angular_Force
units  ="N*m";
access = Tau;
“ifdef ANGULAR_FORCE_ABSTOL
abstol = ANGULAR_FORCE_ABSTOL;
“else
abstol = 1le-6;
“endif
endnature

/I Conservative disciplines
discipline rotational

potential Angle;

flow Angular_Force;
enddiscipline

discipline rotational_omega
potential Angular_Velocity;
flow Angular_Force;
enddiscipline

“endif
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D.2 Theconstants.vams file

/l Mathematical and physical constants

‘ifdef CONSTANTS_VAMS
“else
“define CONSTANTS_VAMS 1

/I M__is a mathmatical constant

‘define  M_E 2.7182818284590452354
‘define  M_LOG2E 1.4426950408889634074
‘define  M_LOGI10E 0.43429448190325182765
‘define  M_LN2 0.69314718055994530942
‘define  M_LN10 2.30258509299404568402
‘define  M_PI 3.14159265358979323846
‘define  M_TWO_PI 6.28318530717958647652
‘define  M_PI_2 1.57079632679489661923
‘define  M_PI_4 0.78539816339744830962
‘define  M_1_PI 0.31830988618379067154
‘define  M_2_PI 0.63661977236758134308
‘define  M_2_SQRTPI 1.12837916709551257390
‘define  M_SQRT2 1.41421356237309504880
‘define  M_SQRT1_2 0.70710678118654752440

/ P_is a physical constant

/I charge of electron in coulombs

“define P Q 1.6021918e-19
/I speed of light in vacuum in meters/sec

“define P C 2.997924562e8
/I Boltzman's constant in joules/kelvin

“define P K 1.3806226e-23
/I Plank's constant in joules*sec

“define P H 6.6260755e-34
/I permittivity of vacuum in farads/meter

“define P_EPSO 8.85418792394420013968e-12
/I permeability of vacuum in henrys/meter

“define P_UO (4.0e-7 *"M_PI)
/I zero celsius in kelvin

“define P_CELSIUSO 273.15

“endif
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Annex E
SPICE compatibility

E.1 Introduction

Analog simulation has long been performed withcg and $ICElike simulators. As

such, there is a huge legacy @& netlists. In addition, 8cE provides a rich set of
predefined models and it is considered neither practical nor desirable to convert these
models into a Verilog-AMS HDL behavioral description. In order for Verilog-AMS

HDL to be embraced by the analog design community, it is important Verilog-AMS
HDL provide an appropriate degree &fi& compatibility. This annex describes the
degree of compatibility which Verilog-AMS HDL provides and the approach taken to
provide that compatibility.

E.l11 Scope of compatibility

SPICEis not a single language, but rather is a family of related languages. The first widely
used version of SCEwas $ICE2g6 from the University of California at Berkeley.
However, $ICE has been enhanced and distributed by many different companies, each
of which has added their own extensions to the language and models. As a result, there
is a great deal of incompatibility even among thecElanguages themselves.

Verilog-AMS HDL makes no judgement as to which of the varicusEHanguages
should be supported. Instead, it states if a simulator which supports Verilog-AMS HDL
is also able to readrEcEnetlists of a particular flavor, then certain objects defined in that
flavor of SPICE netlist can be referenced from within a Verilog-AMS HDL structural
description. In particular,SCE models and subcircuits can be instantiated within a
Verilog-AMS HDL module. This is also true for anpI8E primitives which are built

into the simulator.

E.1.2 Degree of incompatibility

There are four primary areas of incompatibility between versionsloESimulators.

1. The version of the®celanguage accepted by various simulators is different and
to some degree proprietary. This issue is not addressed by Verilog-AMS HDL.
So whether a particular Verilog-AMS simulator & compatible, and with
which particular variant of SCE it is compatible, is solely determined by the
authors of the simulator.
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2. Not all SIcE simulators support the same set of component primitives. Thus, a
particular $ICE netlist can reference a primitive which is unsupported. Verilog-
AMS HDL offers no alternative in this case other than the possibility that if the
model equations are known, the primitive can be rewritten as a module.

3. The names of the built-irr®E primitives, their parameters, or their ports can
differ from simulator to simulator. This is particularly true because many
primitives, parameters, and ports are unname@ioESWhen instantiating
SpicEprimitives in Verilog-AMS HDL, the primitives shall, and parameters and
ports can, be named. Since there are no established standard names, there is a
high likelihood of incompatibility cropping up in these names.

To reduce this, a list of what names shall be used for the more common
components is shown in E.3. However, it is not possible to anticipateia S
primitives and parameters which could be supported; so different
implementations can end up using different names. This level of incompatibility
can be overcome by using wrapper modules to map names.

4. The mathematical description of the built-in primitives can differ. As with the
netlist syntax, incompatible enhancements of the models have crept in through
the years. Again, Verilog-AMS HDL offers no solution in this case other than the
possibility that if the model equations are known, the primitive can be rewritten
as a module.

E.2 Accessing 8ICE objects from Verilog-AMS HDL

If an implementation of a Verilog-AMS tool supportsIiSE compatibility, it is expected
to provide the basic set oP&E primitives (see E.3) and be able to reaccE netlists
which contain models and subcircuit statements.

SpICEprimitives built into the simulator are treated in the same manner in Verilog-AMS
HDL as built-in primitives. However, while the Verilog-AMS HDL built-in primitives
are standardized, thee®SE primitives are not. All aspects oP&E primitives are
implementation dependent.

In addition to ®ICE primitives, it is also possible to access subcircuits and models
defined within $ICE netlists. The subcircuits and models contained within thesS
netlist are treated as module definitions.

E.2.1 Case sensitivity

SPICE netlists are case insensitive, whereas Verilog-AMS HDL descriptions are case-
sensitive. From within Verilog-AMS HDL, a mixed case name matches the same name
with an identical case (if one is defined in a Verilog-AMS HDL description). However,
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if no exact match is found, the mixed case name shall match the same name defined
within SpicE regardless of the case.

E.2.2 Examples

This subsection shows some examples.

E.2.2.1  Accessing S pPICE models
Consider the following 8ce model file being read by a Verilog-AMS HDL simulator.

.MODEL VERTNPN NPN BF=80 IS=1E-18 RB=100 VAF=50
+ CIE=3PF CJC=2PF CJS=2PF TF=0.3NS TR=6NS

This model can be instantiated in a Verilog-AMS HDL module as shown in Figure E.1.

Figure E.1—Instantiated module

module diffPair (c1, b1, e, b2, c2);
electrical c1, b1, e, b2, c2;

vertNPN Q1 (c1, b1, e,);
vertNPN Q2 (.c(c2), .b(b2), .e(e));

endmodule

Unlike with SPiCE, the first letter of the instance name, in this casandQ2, is not
constrained by the primitive type. For example, they can just as easiydnelT2.

The ports and parameters of 8 are determined by th®T primitive itself and not
by the model statement for tBaT. See E.3 for more details. Ther has 3 mandatory
ports (collector, base, and emitter) and one optional port (the substrate). In the
instantiation ofQ1, the ports are passed by order. With the ports are passed by name.
In both cases, the optional substrate port is defaulted by simply not giving it.

E.2.2.2  Accessing S PICE subcircuits

As an example of how $PICE subcircuit is referenced from Verilog-AMS HDL,
consider the following 8&cE subcircuit definition of an oscillator.
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.SUBCKT ECPOSC (OUT GND)
VA VCC GND 5
IEE E GND 1MA
Q1 VCC B1 E VCC VERTNPN
Q2 OUT B2 E OUT VERTNPN
L1 VCC OUT 1UH
ClvCCOUT1PIC=1
C2 OUT B1 272.7PF
C3 B1 GND 3NF
R1 B1 GND 10K
C4 B2 GND 3NF
R2 B2 GND 10K
.ENDSECPOSC

This oscillator can be referenced from Verilog-AMS HDL as:

module osc (out, gnd);
electrical out, gnd;
ecpOsc Oscl (out, gnd);
endmodule

Note: In Verilog-AMS HDL the name of the subcircuit instance is not constrained to start astlt

is in SPICE

E.2.2.3  Accessing S PICE primitives

To show how variousiCE primitives can be accessed from Verilog-AMS HDL, the

subcircuit in Figure E.1 is translated to native Verilog-AMS HDL.

module ecpOsc (out, gnd);
electrical out, gnd;

vsine #(.dc(5)) Vcc (vcce, gnd);
isine #(.dc(1m)) lee (e, gnd);
vertnpn Q1 (vcc, b1, e, vcce);
vertnpn Q2 (out, b2, e, out);
inductor #(.I(1u)) L1 (vcc, out);
capacitor #(.c(1p), .ic(1)) C1 (vcc, out);
capacitor #(.c(272.7p)) C2 (out, bl);
capacitor #(.c(3n)) C3 (b1, gnd);
resistor #(.r(10k)) R1 (b1, gnd);
capacitor #(.c(3n)) C4 (b2, gnd);
resistor #(.r(10k)) R2 (b2, gnd);
endmodule

E.3 Preferred primitive, parameter, and port names

Table E.1 shows the required names for primitives, parameters, and ports which are
otherwise unnamed inPECE. For connection by order instead of by name, the ports and
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parameters shall be given in the order listed. The discipline of the ports for these
primitives shall belectrical and their descriptions shall beut

Table E.1—Required names

Primitive name Port name Parameter name

resistor pln r, tq1, tc2

capacitor pln c, i

inductor pl n I, i

vexp p, n dc, mag, phase, valO, vall, tdO, tau0, td1, taul

vpulse p, N dc, mag, phase, valO, vall, td, rise, fall, width, period

vpwl p, n dc, mag, phase, wave

vsine p, n dc, mag, phase, offset, ampl, freq, td, damp, sinephase,
ammodindex, ammodfreq, ammodphase, fmmodindek,
fmmodfreq

iexp p, N dc, mag, phase, val0, vall, tdO, tau0, td1, taul

ipulse B, n dc, mag, phase, val0, vall, td, rise, fall, width, period

ipwl p, N dc, mag, phase, wave

isine B, N dc, mag, phase, offset, ampl, freq, td, damp, sinephase,
ammodindex, ammodfreq, ammodphase, fmmodindelx,
fmmodfreq

diode ¢ a,c hrea

bjt ¢ c,b,es arep

mosfet dg.s b w, I ad, as, pd, ps, nrd, nrs

jfet ¢ d,gs afea

mesfet < d,gs afea

VCVs p, N, ps, ns gain

vces sink, src, ps, ns gm

tline t1, b1, t2, b2 z0, td, | nl

a. The namediode , bjt ,jfet , mesfet , andmosfet are never used from within Ver-
ilog-AMS HDL because these components require a model. Thus, the model name is used
in Verilog-AMS HDL instead of the primitive name.

E.3.1 Independent sources

The parameters associated with each type of independent source are given in Table E.2.
“ac” and“dc” parameters are common to each source type and need to be specified to
list parameters by order before any waveshape parameters are specified.

Table E.2—Independent source parameters

Source Parameter Description
Type
“ac” ALL mag, phase AC small signal level and phase
“dc” ALL dc DC value
“pulse” valo, vall Pulse levels
td Start time of first pulse
rise, fall Pulse rise and fall time
width Pulse width
period Pulse period
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Table E.2—Independent source parameters, continued

Source Parameter Description
Type
Pl wave Vector of time/value pairs defining the wavetorm
“sine” offset DC level of sinusoid
ampl Amplitude of sinusoid
freq Frequency of sinusoid
td Start time of first pulse
damp Damping factor of sinusoid
sinephase Phase of sinusoid
ammodindex AM index of modulation
ammodfreq AM modulation frequency
ammodphase AM modulation phase
fmmodindex FM index of modulation
fmmodfreq FM modulation frequency
“exp” valo, vall Equilibrium levels
tdo, td1 Start time for transitions teal0 , vall
tau0, taul Time constant for transition t@l0 , vall
E.3.2 Unsupported components

Verilog-AMS HDL does not support the concept of passing an instance name as a
parameter. As such, the following components are not suppested:cccs , and
mutual inductors; however, these primitives can be instantiated inside a subcircuit.

E.4 Otherissues

This section highlights some other issues

E4.1 Multiplicity factor on subcircuits

Some ®IcEsimulators support a multiplicity factox parameter on subcircuits without

the parameter being explicitly being declared. This factor is typically used to indicate the
subcircuit should be modeled as if there are a specified number of copies in parallel. If
supported by the implementation, the automeaf&ctors are supported for subcircuits
defined in $ICE, but not for subcircuits defined as a modules in Verilog-AMS HDL.
Thus, if the 8ICE subcircuit in E.2.2.2 was instantiated, a multiplicity factor could be
specified (assuming the simulator implementation supports multiplicity factorsica S
subcircuits. However, a multiplicity factor can not be specified when instantiating the
equivalent Verilog-AMS HDL module shown in E.2.2.3.
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E.4.2 Binning and libraries

Some PICEnetlists provide mechanisms for mapping an instance to a group of models,
with the final determination of which model to use being based on rules encapsulated in
the SICE netlist. Examples include model binning or corners support. From within an
instance statement, it appears as if the instance is referencing a sipglm&del;
supporting these additional capabilities in Verilog-AMS HDL is supported via the
instance line by default. Support of model cards are implementation specific (including
those using these mechanisms).
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Annex F

Discipline resolution methods

F.1  Discipline resolution

Discipline resolution is described in 8.4; it provides the semantics for two methods of
resolving the discipline of undeclared interconnect. This annex provides a possible
algorithm for achieving the semantics of each method. Itis also possible to develop and
use other algorithms to match the semantics.

F.2 Resolution of mixed signals

The following algorithms for discipline resolution of undeclared nets provide users with
the ability to control the auto-insertion of connection modules. The undeclared nets are
resolved at each level of the hierarchy in whadntinuouganalog) has precedence over
discrete(digital). In both algorithms, theontinuousdomain is passed up the hierarchy
from lower levels to the top level.

F.2.1 Default discipline resolution algorithm

This default algorithm propagates both continuous and discrete disciplines up the
hierarchy to meet one another. Insertion of interface elements shall occur at each level
of the hierarchy where both continuous and discrete disciplines meet. This results in
connection modules being inserted higher up the design hierarchy. The algorithm is
described as follows.

1. Elaborate the design

After this step, every port in the design has both its upper (actual) connection and its
lower (formal) connection defined.

2. Apply all in-context node and signal declarations

For exampleelectrical sig; makes all instances efg electrical, unless they have
been overridden by an out-of-context declaration.

3. Apply all out-of-context node and signal declarations.

For example,electrical top.middle.bottom.sig; overrides any discipline which
may be declared faig in the module whersig was declared.
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F.2.2

F-2

More than one conflicting in-context discipline declaration or more than one conflicting
out-of-context discipline declaration for the same hierarchical segment of a signal is an
error. In this casesonflicting simply means an attempt to declare more than one
discipline regardless of whether the disciplines are compatible or not.

4.

A.

Traverse each signal hierarchically (depth-first) when a net is encountered which
still has not been assigned a discipline:

It shall be determined whether the net is analog or digital. Any net whose port
connections (i.e., connections to the upper part of a port) are all digital shall be
considered digital (discrete domain), any others shall be considered analog
(continuous domain).

Apply any default_discipline directives to any net segments which do not yet have
a discipline, provided their domain is the same as the domain of the default
discipline. This is done according to the rules of precedencedeiult_discipline
(see 3.7).

If the segment has not yet been assigned a discipline, examine all ports to which
the segment forms the upper connection and construct a list of all disciplines at
the lower connections of these ports whose domains match the domain of the
segment:

If there is only a single discipline in the list, the signal is of that discipline

If there is more than one discipline in the list and the contents of the list match
the discipline list of a resolution connect statement, the net is of the resolved
discipline given by the statement.

Otherwise the discipline is unknown. This is legal provided the net segment has
no mixed port connections (i.e., it does not connect through a port to a segment
of a different domain). Otherwise this is an error.

At this point, connection module selection and insertion can be performed. Insert

converters applying the rules and semantics of the connect statement (8.7) and auto-
insertion sections (8.8).

Alternate expanded analog discipline resolution algorithm

This algorithm propagates continuous disciplines up and then back down to meet

discrete disciplines. This may result in more connection modules being inserted lower
down into discrete sections of the design hierarchy for added accuracy. The selection of

this algorithm instead of the default shall be controlled by a simulator option. The

algorithm is described as follows.
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1. Elaborate the design

After this step, every port in the design has both its upper (actual) connection and its
lower (formal) connection defined.

2. Apply all in-context node and signal declarations

For exampleelectrical sig; makes all instances efg electrical, unless they have
been overridden by an out-of-context declaration.

3. Apply all out-of-context node and signal declarations.

For exampleglectrical top.middle.bottom.sig; overrides any discipline which
may be declared faig in the module whersig was declared.

More than one conflicting in-context discipline declaration or more than one conflicting
out-of-context discipline declaration for the same hierarchical segment of a signal is an
error. In this caseonflicting simply means an attempt to declare more than one
discipline regardless of whether the disciplines are compatible or not.

4. Traverse each signal hierarchically (depth-first) when a net is encountered which
has still not been assigned a discipline:

A. It shall be determined whether the net is analog or digital. Any net whose port
connections (i.e., connections to the upper part of a port) are all digital shall be
considered digital. If any of the connections are analog, the net shall be
considered analog. Any others shall still be considered unknown.

B. Apply any default_discipline directives to any net segments which do not yet have
a discipline, provided their domain is the same as the domain of the default
discipline. This is done according to the rules of precedencedeiult_discipline
(see 3.7).

C. Ifthe segment has not yet been assigned a discipline, examine all ports to which
the segment forms the upper or lower connection. and construct a list of all
disciplines at the other connections of these ports whose domains match the
domain of the segment:

» If there is only a single discipline in the list, the signal is of that discipline

» If there is more than one discipline in the list and the contents of the list match
the discipline list of a resolution connect statement, the net is of the resolved
discipline given by the statement.

» Otherwise the discipline is unknown.
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F-4

5.

A.

Traverse each net hierarchically (top-down) when a net is encountered which still
has not been assigned a discipline:

It shall be determined whether the net is analog or digital. Any net whose port
(i.e., connection to the lower part of a port) is digital shall be considered digital.
Any others shall be considered analog.

Apply any default_discipline directives which to any net segments which do not
yet have a discipline, provided their domain is the same as the domain of the
default discipline. This is done according to the rules of precedence for
“default_discipline (see 3.7).

If the segment has not yet been assigned a discipline, examine all ports to which
the segment forms the lower connection and construct a list of all disciplines at
the upper connections of these ports whose domains match the domain of the
segment:

If there is only a single discipline in the list, the signal is of that discipline

If there is more than one discipline in the list and the contents of the list match
the discipline list of a resolution connect statement, the net is of the resolved
discipline given by the statement.

Otherwise the discipline is unknown. This is legal provided the net segment has
no mixed port connections (i.e., it does not connect through a port to a segment
of a different domain). Otherwise this is an error.

At this point, connection module selection and insertion can be performed. Insert
converters applying the rules and semantics of the connect statement (8.7) and auto-
insertion sections (8.8).
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Annex G
Glossary

Glossary of Terms

AMS
SeealsoYerilog-AMS.

B

behavioral description

A mathematical mapping of inputs to outputs for a module, including intermediate
variables and control flow.

behavioral model

A version of a module with a unique set of parameters designed to model a specific

component.

block
A level within the behavioral description of a module, delimiteddayh andend.

branch
A relationship between two nodes and their attached quantities within the behavioral
description of a module. Each branch has two quantities, a value and a flow, with a
reference direction for each.

C

component

A fundamental unit within a system which encapsulates behavior and/or structure.
Modules and models can represent a single component or a subcircuit with many
components.

Version 2.0 Verilog-AMS Language Reference Manual G-1



Glossary

constitutive relationships

control flow

child module

flow

instance

instantiation

K

The essential relationshipsqpressionandstatemenfshetween the outputs of a module
and its inputs and parameters, which define the nature of the module. These relationships
constitute a behavioral description.

The conditional and iterative statements controlling the behavior of a module. These
statements evaluate arbitrary variables (counters, flags, and tokens) to control the
operation of different sections of a behavioral description.

A module instantiated inside another, “parent” module. A complete definition of the
child module needs to be defined somewhere. A child module is also known as
submoduler instantiated module

One of the two fundamental quantities used to simulate the behavior of a system. In
electrical systems, the flow is the current.

Any named occurrence of an component created from a module definition. One module
can occur in multiple instances.

The process of creating an instance from a module definition or simulator primitive and
defining the connectivity and parameters of that instance. (Placing the instance in the
circuit or system.)

Kirchhoff's Laws

G-2

The physical laws defining the interconnection relationships of nodes, branches, values,
and flows. They specify a conservation of flow in and out of a node and a conservation
of value around a loop of branches.
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level

model

module

N

nesting level

node

Glossary

One block within a behavioral description, delimited by a pair of matching keywords
such asegin-end or discipline-enddiscipline.

A named instance with a unique group of parameters specifying the behavior of one
particular version of a module. Models can be used to instantiate elements with
parametric specifications different from those in the original module definition.

A definition of the interfaces and behavior of a component.

One block within a behavioral description, delimited by a pair of matching keywords

such asegin-end or discipline-enddiscipline.

A connection point in the system, with access functions for potential and/or flow through
an underlying discipline.

node declaration

NR method

Version 2.0

The statement in a module definition identifying the names of the nets associated with
the module ports or local to the module. A net declaration also identifies the discipline
of the net, which in turn identifies the access functions.

Newton-Raphson method. A generalized method for solving systems of nonlinear
algebraic equations by breaking them into a series of many small linear operations
ideally suited for computer processing.
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P

parameter

A constant for characterizing the behavior of an instance of a module. Parameters are
defined in the first section of a module, thedule interface declarationand can be
specified each time a module is called in a netlist instance statement.

parameter declaration

The statement in a module definition which defines the parameters of that module.

port
An external connection point for a module (also known tasrainal).

potential
One of the two fundamental quantities used to simulate the behavior of a system. In
electrical systems, the potential is the voltage.

primitive
A basic component defined entirely in terms of behavior, without reference to any other
primitives. A primitive is the smallest and simplest portion of a simulated circuit or
system.

probe
A branch in a circuit (or system), which does not alter its behavior, but lets the simulator
read out the potential or flow at that point.

R

reference direction

A convention for determining whether the value of a node, the flow through a branch,
the value across a branch, or the flow in or out of a terminal, is positive or negative.

reference node

The global node (which equals zeo))(against whose potentials all node values are
measured. Nets declaredgasund shall be bound to the reference node.
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run time binding

scope

Glossary

The conditional introduction and removal of value and flow sources during a simulation.
A value source can replace a flow source and vice-versa. Binding a source to a specific
node or branch prevents it from going into an unknown state.

The current nesting level of a block statement, which includes all lines of code within
one set of braces in a module definition.

structural definitions

T

terminal

Vv

Verilog-A

Verilog-AMS

Version 2.0

Instantiating modules inside other modules through the use of module definitions and
declarations to create a hierarchical structure in the module’s behavioral description.

Seealsoport.

A subset of Verilog-AMS detailing the analog version of Verilog HDL (see Annex C).
This is a language for the behavioral description of continuous-time systems, which uses
a syntax similar to thlEEEE 1364-1995 Verilog HDkpecification.

Mixed-signal version of Verilog HDL. A language for the behavioral description of
continuous-time and discrete-time systems based olctBE 1364-1995 Verilog HDL
specification.
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Symbols
|
logical negation operator 4-1, 4-7
1=
logical inequality operator 4-1, 4-6
$dist_ functions 10-2
$dist_chi_square 10-3
$dist_erlang 10-3
$dist_exponential 10-3
$dist_normal 10-3
$dist_poisson 10-3
$dist_t 10-3
$dist_uniform 10-3
$driver_count 8-35
$driver_delay 8-39
$driver_next_state 8-39
$driver_next_strength 8-39
$driver_state 8-35
$driver_strength 8-35
$fclose 10-5
$finish 10-4
$fopen 10-5
$limexp 4-28
$random 10-2
$stop 10-4
$strobe
escape sequences 10-6
format specifications 10-7
$transition 4-19
%
in format specifications 10-6
modulus operator 4-1
&
bit-wise AND operator 4-1, 4-2
&&
logical AND operator 4-1, 4-6

*

arithmetic multiplication operator 4-1

Version 2.0

in null expressions 10-6
/

arithmetic division operator 4-1
<

relational less-than operator 4-1, 4-5
<+

branch contribution operator 5-10
<<

left shift operator 4-2, 4-8
<=

relational less-than-or-equal operator 4-1, 4-5

logical equality operator 4-1, 4-6
>

relational greater-than operator 4-1, 4-5
>=

relational greater-than-or-equal operator 4-1,

4-5

>>

right shift operator 4-2, 4-8
?:

conditional operator 4-2
@ operator 6-9
\

backslash character 2-6

for escape sequences in strings 10-6
\ll

as " character 2-6
\ddd

specify character as octal digits 2-6
\t

tab character 2-6

N

bit-wise exclusive OR operator 4-1, 4-2

N~

bit-wise equivalence operator 4-1, 4-2

in compiler directives 11-1
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“default_nodetype 11-1
“define 11-2

“else 11-5

“endif 11-5

“ifdef 11-5

‘include 11-6

‘resetall 11-7

‘undef 11-4

bit-wise inclusive OR operator 4-1, 4-2

logical OR operator 4-1, 4-6

bit-wise negation operator 4-1, 4-2

~N

bit-wise equivalence operator 4-1, 4-2

A

absdelay operator 4-16
absolute tolerance 4-14, 4-23, 9-4
abstol 3-8
AC Stimulus 4-31
Acceleration D-4
access 3-8
Access Functions 5-1, E-1
A-D converter 4-20
always procedural block 6-1
analog block 5-10
analog operators 4-12
restrictions 4-12
analog procedural block 6-1
analysis dependent functions 4-29
analysis function 4-29
angle D-5
Angular_Acceleration D-6
Angular_Force D-6
Angular_Velocity D-5
arithmetic operators 4-1, 4-4
% 4-5
*4-4
+4-4
/ 4-5
arrays
of integers 3-1
of time variables 3-1
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associated reference directions 1-5

B

backslash character 2-6
begin-end block statement 6-5
bidirectional port 7-11
binary operators 4-3
precedence 4-3
bit-wise operators 4-7
AND 4-1
and 4-7
equivalence 4-1
exclusive nor 4-7
exclusive OR 4-1
exclusive or 4-7
inclusive OR 4-1
inclusive or 4-7
negation 4-1, 4-2
unary negation 4-7
block statement
naming of 6-3
bound_step function 10-10
branch access function 4-11
branch contribution operator 5-10
branch relations 5-11
Branches 3-22
branches 1-4
built-in primitives 1-5
bus 3-15

C

calltf routines 13-54, 13-60
case statement 6-5
cbAfterDelay 13-50
cbAssign 13-48
cbAtStartOfSimTime 13-50
cbDeassign 13-48
cbDisable 13-48
cbEndOfCompile 13-51
cbEndOfRestart 13-51
cbEndOfSave 13-51
cbEndOfSimulation 13-51
cbEnterinteractive 13-51
cbError 13-51
cbExitinteractive 13-52
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cbForce 13-48 conservative branch 3-22

cbinteractiveScopeChange 13-52 conservative disciplines 3-12
cbNextSimTime 13-50 conservative nodes 3-12
cbPLIError 13-51 constant expression 4-1
cbReadOnlySynch 13-50 constitutive relationships 1-5, 9-1
cbReadWriteSynch 13-50 contribution statements 6-2
cbRelease 13-48 convergence 9-3
cbStartOfRestart 13-51 Correlated noise 4-33
cbStartOfSave 13-51 cross function 6-13
cbStartOfSimulation 13-51 Current D-1
cbStmt 13-48, 13-51 current D-2
cbTchkViolation 13-51 D
cbUnresolvedSystf 13-52
cbValueChange 13-48, 13-51 ddt operator 4-13
characters ddt_nature 3-8

specified as octal digits 2-6 decimal notation 2-3
Charge D-2 default
circular integrator 4-15 in case statement 6-6
classes of PLI routines Defining a function 4-33

calltf 13-54, 13-60 defparam 3-2, 7-6

compiletf 13-54, 13-60 defparam statement 7-6
compatibility rules delays

discrete domain rule 3-20 inertial 13-45

domain incompatibility rule 3-20 pure transport 13-45

empty discipline rule 3-20 ~ transport 13-45

flow compatibility rule 3-20 diagnostic messages

nature compatibility rule 3-20 ~ from $stop and $finish 10-4

nature incompatibility rule 3-20 discipline 3-11

node connection rule 3-20 disciplines

potential compatibility rule 3-20 conservative 3-12

self rule 3-20 empty 3-13

units value rule 3-20 ~ signal-flow 3-12
Compiler directives 2-8 discontinuity 10-8
compiletf routines 13-54, 13-60 discrete-time finite difference approximation 9-2
concatenation Domain Binding 3-13

of names 7-15 double quote character 2-6
conditional compilation 11-5 driver_update 8-36
conditional operator 4-2, 4-8 E

conditional operator ?: 4-3

conditional statement 6-4

Connecting module ports by name 7-13
Connecting module ports by ordered list 7-12 0
connecting ports empty disciplines 3-13

end
7-1 _
lraa/lensarYn_(:aM 3 sequential block 6-2

electrical D-2
else statement 6-4
embedding modules 7-1, 7-3
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endcase 6-6
enddiscipline 3-11
endfunction 4-34, A-4
endmodule 7-2
equality operators

I=4-6

== 4-6

precedence 4-6
escape sequences 10-6
escaped identifiers 2-7
event

OR construct 6-10
event or 4-2
event or operator 4-8
events

global 6-9

monitored 6-9
exit simulator 10-4
exponentiation 4-10
expression

evaluation order 4-4
expressions 4-11

constant 4-1

F

filters 4-12
final_step 6-11
finite-difference approximation 9-2
flicker_noise 4-32
floating-point literals 2-4
flow 1-6
flow probe 5-2
flow source 5-3
Flux D-2
for loop 6-8
Force D-5
format specifications 10-7
ASCII character 10-7
b or B 10-7
binary 10-7
corC10-7
dor D 10-7
decimal 10-7
h or H 10-7
hexadecimal 10-7

hierarchical name 10-7
m or M 10-7
oor O 10-7
octal 10-7
sorS 10-7
string 10-7, 10-8
fullname 13-30
function 4-34, A-4
functions
call 4-35
definition 4-33
distribution 10-2
probability 10-2
returning a value 4-35

G

global events 6-9
ground 1-4

H

handles

vpiHandle data type 12-3
hierarchical path name 7-14
hierarchy

level 7-15

name referencing 7-14, 10-7

scope 7-15

scope rules for naming 7-16

top level names 7-15
hyperbolic functions 4-10

ideal opamp 5-13

identifiers 2-6—2-7
escaped 2-7
keywords 2-7

idt operator 4-14

idt_nature 3-8

idtmod 4-15

if-else statement 6-4
omitting else from nested if 6-5

implicit declarations 11-1

implicit equations 5-5

implicit nodes 3-17

Impulse D-4
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indirect branch assignement 5-13
inertial delays 13-45
initial procedural block 6-1
initial_step 6-11
inout port 7-11
input port 7-11
instantiation
of modules 7-1
instantiation of modules 7-3
integer 3-1
integers
division 4-5
interconnection relationships 1-5

J
junction diode 5-5

K

keywords 2-7

kinematic D-5

kinematic_v D-5

Kirchhoff's Flow Law 1-5, 9-1, 9-4
Kirchhoff's laws 1-5, 9-1
Kirchhoff's Value Law 1-5

L

Laplace transform filters 4-23
laplace_nd 4-24
laplace_np 4-24
laplace_zd 4-23
laplace_zp 4-23
last_crossing function 4-22
left shift operator 4-2, 4-8
lexical token

definition of 2-1

number 2-2

operator 2-2

types 2-1

white space 2-1
limited exponential 4-28
logical operators 4-6

14-7

&& 4-6

|| 4-6

AND 4-1

equality 4-1
inequality 4-1
negation 4-1
OR 4-1
precedence 4-6
looping statement
for loop 6-8
repeat loop 6-7
while loop 6-7

M
M_1 PID-7
M_2 PID-7
M_2 SQRTPI D-7
M_E D-7
M_LN10 D-7
M_LN2 D-7
M_LOGI10E D-7
M_LOG2E D-7
M_PI D-7
M_PI_2 D-7
M_PI_4 D-7
M_SQRT1_2 D-7
M_SQRT2 D-7
M_TWO_PI D-7
magnetic D-3
Magneto_Motive_Force D-3
mathematical function 4-9
mathematical functions 4-9
minus sign(-)
arithmetic subtraction operator 4-1
module 7-1
definition 7-1
instance parameter value assignment 7-8
instantiation 7-3
overriding parameter values 7-6—7-9
parameter dependencies 7-9
port 7-4
terminal 7-5
top-level 7-3
module parameter
dependencies 7-9
overriding values 7-6—7-9
modulus operator 4-1
definition 4-5
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mtm_flag 13-14, 13-43
multi-channel descriptor 10-5
multi-way decisions
case statement 6-5
if-else-if statement 6-5

N

name 13-30
named blocks

and scope 7-16

purpose 6-3
names

of hierarchical paths 7-14
net_resolution 8-36
new line character 2-6, 10-7
newline character 2-6
Newton-Raphson method 9-3
nodal analysis 9-1
node 3-6

in hierarchical name tree 7-15

nodes 1-6
noise 4-31
noise_table 4-32
null

expression 10-6
numbers 2-2

O

operator
circular integrator 4-15
idtmod 4-15
operators 4-1-4-8
-4-1
14-1, 4-7
1=4-1, 4-6
% 4-1
& 4-1, 4-2
&& 4-1, 4-6
*4-1
+4-1
/4-1
<4-1, 4-5
<< 4-2,4-8
<=4-1,4-5
==4-1, 4-6

Index-6

>4-1, 4-5
>=4-1, 4-5
>>4-2,4-8
?.4-2
N4-1, 4-2
N~ 4-1, 4-2
{1} 4-2
{}4-2
| 4-1, 4-2
[| 4-1, 4-6
~4-1,4-2
~N4-1,4-2
analog 4-12
arithmetic 4-1, 4-4
binary 2-2, 4-3
bit-wise 4-7
bit-wise AND 4-1
bit-wise equivalence 4-1
bit-wise exclusive OR 4-1
bit-wise inclusive OR 4-1
bit-wise negation 4-1, 4-2
concatenation 4-2
conditional 2-2, 4-2, 4-8
definition 2-2
event or 4-2
left shift 4-2
left shift operator 4-8
logical 4-6
logical AND 4-1
logical equality 4-1
logical inequality 4-1
logical negation 4-1
logical OR 4-1
modulus 4-1
power 4-10
relational 4-1, 4-5
replication 4-2
right shift 4-2
right shift operator 4-8
shift 4-8
time derivative 4-13
time integral 4-14
unary 2-2

output port 7-11
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overriding module parameter values 7-6—7-9 $dist_uniform 10-3
by name 7-8 gaussian distribution 10-3
defparam 7-6 probe 5-2

Probes 5-2, E-2

P pulse control 13-14, 13-43
P_CD-7 pulsere_flag 13-14, 13-43
P_CELSIUSO D-7 pure transport delays 13-45
P_EPSO D-7
P_HD-7 Q
P_KD-7 QAM modulator 4-20
P_QD-7 quantities 9-4
P_UO D-7 R
parameter

module type 3-2 real numbers 3-1-3-2
parameter assignment by name 7-6 format specifications used with 10-7
parameter assignment by order 7-6 operators with real number operands 4-2
parentheses reference direction 1-5

and changing operator precedence 4-4 reference node 1-4
plus sign(+) relational operators 4-1, 4-5

arithmetic addition operator 4-1 <4-5
port 7-9-7-14 <=4-5

connecting by name 7-13 >4-5

declaration 7-10 >=4-5

definition 7-9 precedence 4-6

module 7-4 relative tolerance 9-4

rules for connecting 7-14 repeat loop 6-7
port access function 4-11 right shift operator 4-2, 4-8
Port Branches 5-5 rotational D-6
Position D-4 rotational_omega D-6
potential probe 5-2 S

potential source 5-3

pow operator 4-10

precedence
binary operators 4-3
equality operators 4-6
logical operators 4-6
relational operators 4-6

primitives G-4

probabilistic distribution functions 10-4
$dist_chi_square 10-3
$dist_erlang 10-3
$dist_exponential 10-3
$dist_normal 10-3
$dist_poisson 10-3
$dist_t 10-3

S
in string display format 10-8

s_cb_data structure 13-7, 13-47

s_vpi_delay structure 13-13

S_vpi_error_info structure 13-3

S_vpi_strengthval structure 13-21

S_vpi_systf data structure 13-17, 13-18, 13-53, 13-

59

S_vpi_time structure 13-13, 13-19, 13-46

s_vpi_value structure 13-11, 13-21, 13-46

S_vpi_vecval structure 13-21

S_vpi_vlog_info structure 13-26

scalar node 3-15

scientific notation 2-3

Version 2.0 Verilog-AMS Language Reference Manual Index-7



scope
and hierarchical names 7-15
rules 7-16
seed 10-3
shift operators 4-8
<< 4-8
>>4-8
signal transitions 4-17
signal-flow branch 3-22
signal-flow disciplines 3-12
signal-flow nodes 3-12
sinusoidal voltage source 10-10
slew filter 4-21
slope 4-21
source branch 5-3
Sources 5-3
standard mathematical functions 4-9
standard output 10-5
stochastic analysis 10-4
probabilistic distribution functions 10-4
stop 10-4
strings 2-5-2-6
definition 2-5
display format 10-7, 10-8
manipulation 2-5
padding 2-6
special characters 2-6
variable declaration 2-5
switch branch 5-3
system tasks
for interrupting the simulator 10-4
System tasks and functions 2-7

T

tab character 2-6

Temperature D-3

text macro substitutions 11-2-11-4
and ‘define 11-2
definition 11-3
redefinition 11-4
with arguments 11-2

text output
vpi_mcd_close() 13-37
vpi_mcd_name() 13-38
vpi_mcd_open() 13-39

vpi_mcd_printf() 13-40
vpi_printf() 13-41
thermal D-3
time derivative operator 4-13, 9-2
time integral operator 4-14
timer function 6-14
Tolerances 4-13
top-level module 7-3
transient analysis 9-2
transition 4-18
transition filter 4-17
transition function 4-19
transport delays 13-45
tree structure
of hierarchical names 7-15
trigonometric functions 4-10
type specification
parameter 3-4

U

unary operators

14-7

<< 4-8

>> 4-8
undescore character 2-3
units 3-8
User Defined Attributes 3-10
User defined functions 4-33

V

value 1-5

value range specification
parameter 3-4

vector branch 3-22

vector node 3-15

Velocity D-4

vlog_startup_routines array 13-61

Voltage D-2

VPI object diagrams
assignments 12-33
case statement 12-35

continuous assignments 12-28

delay controls 12-33
event controls 12-33

expressions 12-29, 12-30, 12-31

Index-8 Verilog-AMS Language Reference Manual

Version 2.0



for loops 12-34

forever loops 12-34

function calls 12-27

functions 12-14

if statement 12-35

inter-module paths 12-26

IO declarations 12-14

memories 12-22

module paths 12-26

modules 12-12

named events 12-21, 12-32

nets 12-19

parameters 12-23

ports 12-15, 12-16, 12-17, 12-18

primitives 12-24

procedural assign statement 12-36

procedural blocks 12-32

procedural deassign statement 12-36

procedural disable statement 12-36

procedural force statement 12-36

procedural release statement 12-36

processes 12-32

regs 12-20

repeat controls 12-33

repeat loops 12-34

scopes 12-14

specparams 12-23

statements 12-32

task calls 12-27

tasks 12-14

timing checks 12-26

UDPs 12-25

variables 12-21

wait control 12-34

while loops 12-34
VPI routines

callback overview 12-1

error handling 12-2

key to object diagrams 12-7

object access overview 12-2

object classifications 12-2
vpi_chk_error() 13-3
vpi_compare_objects() 13-4
vpi_get() 13-6
vpi_get_cb_info() 13-7

vpi_get str() 13-16
vpi_get_systf info() 13-17, 13-18
vpi_get_time() 13-19

vpi_get value() 13-11, 13-20
vpi_get_vlog_info() 13-26
vpi_handle() 13-28
vpi_handle_by index() 13-29
vpi_handle_by name() 13-30
vpi_handle_multi() 13-31
vpi_iterate() 13-35
vpi_mcd_close() 13-37
vpi_mcd_name() 13-38
vpi_mcd_open() 13-39
vpi_mcd_printf() 13-40
vpi_printf() 13-41
vpi_put_delays() 13-42
vpi_put_value() 13-45
vpi_register_cb() 13-47
vpi_remove_cb() 13-62, 13-64
vpi_scan() 13-63
vpiCancelEvent 13-45, 13-46
vpiForceFlag 13-45
vpiHandle 12-3
vpilnertialDelay 13-45
vpilnterModPath 13-31
vpilntFunc 13-54, 13-60
vpilterator 13-35

vpiNoDelay 13-45
vpiPureTransportDelay 13-45
vpiRealFunc 13-54, 13-60
vpiReleaseFlag 13-45
vpiReturnEvent 13-45
vpiScaledRealTime 13-46
vpiSchedEvent 13-45
vpiScheduled 13-46
vpiSizedFunc 13-60
vpiSysFunction 13-54, 13-59, 13-60
vpiSysTask 13-59
vpiTimeFunc 13-60
vpiTimeUnit 13-6
vpiTransportDelay 13-45

W

Watts D-3
while loop 6-7

Version 2.0 Verilog-AMS Language Reference Manual

Index-9



white space 2-1
white_noise 4-32

Z

zi_nd 4-28

zi_np 4-27

zi_zd 4-26

Zi_zp 4-26

Z-transform filters 4-25

Index-10 Verilog-AMS Language Reference Manual Version 2.0



	Verilog-AMS introduction
	1.1 Overview
	1.2 Mixed-signal language features
	1.3 Systems
	1.3.1 Conservative systems
	1.3.1.1 Reference nodes
	1.3.1.2 Reference directions

	1.3.2 Kirchhoff’s Laws
	1.3.3 Natures, disciplines, and nets
	1.3.4 Signal-flow systems
	1.3.5 Mixed conservative/signal flow systems

	1.4 Conventions used in this document
	1.5 Contents

	Lexical conventions
	2.1 Lexical tokens
	2.2 White space
	2.3 Comments
	2.4 Operators
	2.5 Numbers
	2.5.1 Integer constants
	2.5.2 Real constants
	2.5.3 Scale factors for real constants

	2.6 Strings
	2.6.1 String variable declaration
	2.6.2 String manipulation
	2.6.3 Special characters in strings

	2.7 Identifiers, keywords, and system names
	2.7.1 Escaped identifiers
	2.7.2 Keywords
	2.7.3 System tasks and functions
	2.7.4 Compiler directives


	Data types
	3.1 Integer and real data types
	3.2 Parameters
	3.2.1 Type specification
	3.2.2 Value range specification
	3.2.3 Parameter arrays

	3.3 Genvars
	3.4 Net_discipline
	3.4.1 Natures
	3.4.1.1 Derived natures
	3.4.1.2 Attributes
	abstol
	access
	idt_nature
	ddt_nature
	units

	3.4.1.3 User-defined attributes

	3.4.2 Disciplines
	3.4.2.1 Nature binding

	3.4.3 Multi-disciplinary example
	3.4.3.1 Domain binding
	3.4.3.2 Empty disciplines
	3.4.3.3 Discipline of wires and undeclared nets
	3.4.3.4 Overriding nature attributes from discipline
	3.4.3.5 Deriving natures from disciplines

	3.4.4 Net discipline declaration
	3.4.5 Ground declaration
	3.4.6 Implicit nets

	3.5 Real net declarations
	3.6 Default discipline
	3.7 Discipline precedence
	3.8 Net compatibility
	3.9 Branches
	3.10 Namespace
	3.10.1 Nature and discipline
	3.10.2 Access functions
	3.10.3 Net
	3.10.4 Branch


	Expressions
	4.1 Operators
	4.1.1 Operators with real operands
	4.1.1.1 Real to integer conversion
	4.1.1.2 Arithmetic conversion

	4.1.2 Binary operator precedence
	4.1.3 Expression evaluation order
	4.1.4 Arithmetic operators
	4.1.5 Relational operators
	4.1.6 Case equality operators
	4.1.7 Logical equality operators
	4.1.8 Logical operators
	4.1.9 Bit-wise operators
	4.1.10 Shift operators
	4.1.11 Conditional operator
	4.1.12 Event or
	4.1.13 Concatenations

	4.2 Built-in mathematical functions
	4.2.1 Standard mathematical functions
	4.2.2 Transcendental functions
	4.2.3 Error handling

	4.3 Signal access functions
	4.4 Analog operators
	4.4.1 Restrictions on analog operators
	4.4.2 Vector or array arguments to analog operators
	4.4.3 Analog operators and equations
	4.4.4 Time derivative operator
	4.4.5 Time integral operator
	4.4.6 Circular integrator operator
	4.4.7 Absolute delay operator
	4.4.8 Transition filter
	4.4.8.1 Syntax
	4.4.8.2 Examples

	4.4.9 Slew filter
	4.4.10 last_crossing function
	4.4.11 Laplace transform filters
	4.4.11.1 laplace_zp
	4.4.11.2 laplace_zd
	4.4.11.3 laplace_np
	4.4.11.4 laplace_nd
	4.4.11.5 Examples

	4.4.12 Z-transform filters
	4.4.12.1 zi_zp
	4.4.12.2 zi_zd
	4.4.12.3 zi_np
	4.4.12.4 zi_nd

	4.4.13 Limited exponential
	4.4.14 Constant versus dynamic arguments

	4.5 Analysis dependent functions
	4.5.1 Analysis
	4.5.2 AC stimulus
	4.5.3 Noise
	4.5.3.1 white_noise
	4.5.3.2 flicker_noise
	4.5.3.3 noise_table
	4.5.3.4 Noise model for diode
	4.5.3.5 Correlated noise


	4.6 User-defined functions
	4.6.1 Defining an analog function
	4.6.2 Returning a value from an analog function
	4.6.3 Calling an analog function


	Signals
	5.1 Analog signals
	5.1.1 Access functions
	5.1.2 Probes and sources
	5.1.2.1 Probes
	5.1.2.2 Sources

	5.1.3 Examples
	5.1.3.1 The four controlled sources
	5.1.3.2 Resistor and conductor
	5.1.3.3 RLC circuits
	5.1.3.4 Simple implicit diode

	5.1.4 Port branches
	5.1.5 Switch branches
	5.1.6 Unassigned sources

	5.2 Signal access for vector branches
	5.2.1 Accessing net and branch signals
	5.2.2 Accessing attributes

	5.3 Contribution statements
	5.3.1 Branch contribution statements
	5.3.1.1 Relations
	5.3.1.2 Evaluation
	5.3.1.3 Value retention

	5.3.2 Indirect branch assignments
	5.3.2.1 Multiple indirect assignments
	5.3.2.2 Indirect assignment and contribution



	Analog behavior
	6.1 Analog procedural block
	6.2 Block statements
	6.2.1 Sequential blocks
	6.2.2 Block names

	6.3 Procedural assignments
	6.4 Conditional statement
	6.4.1 Examples
	6.4.2 Analog conditional statements

	6.5 Case statement
	6.5.1 Analog case statements
	6.5.2 Constant expression in case statement

	6.6 Looping statements
	6.6.1 Repeat and while statements
	6.6.2 For statements

	6.7 Events
	6.7.1 Event detection
	6.7.2 Event OR operator
	6.7.3 Event triggered statements
	6.7.4 Global events
	6.7.5 Monitored events
	6.7.5.1 cross function
	6.7.5.2 timer function



	Hierarchical structures
	7.1 Modules
	7.1.1 Top�level modules
	7.1.2 Module instantiation

	7.2 Overriding module parameter values
	7.2.1 Defparam statement
	7.2.2 Module instance parameter value assignment by order
	7.2.3 Module instance parameter value assignment by name
	7.2.4 Parameter dependence

	7.3 Ports
	7.3.1 Port association
	7.3.2 Port declarations
	7.3.2.1 Port type
	7.3.2.2 Port direction

	7.3.3 Real valued ports
	7.3.4 Connecting module ports by ordered list
	7.3.5 Connecting module ports by name
	7.3.6 Port connection rules
	7.3.6.1 Matching size rule
	7.3.6.2 Resolving discipline of undeclared interconnect signal

	7.3.7 Inheriting port natures

	7.4 Hierarchical names
	7.5 Scope rules

	Mixed-signal
	8.1 Introduction
	8.2 Fundamentals
	8.2.1 Domains
	8.2.2 Contexts
	8.2.3 Nets, nodes, ports, and signals
	8.2.4 Mixed-signal and net disciplines

	8.3 Behavioral interaction
	8.3.1 Accessing discrete nets and variables from a continuous context
	8.3.2 Accessing X and Z bits of a discrete net in a continuous context
	8.3.3 Accessing continuous nets and variables from a discrete context
	8.3.4 Detecting discrete events in a continuous context
	8.3.5 Detecting continuous events in a discrete context
	8.3.6 Concurrency
	8.3.6.1 Analog event appearing in a digital event control
	8.3.6.2 Digital event appearing in an analog event control
	8.3.6.3 Analog primary appearing in a digital expression
	8.3.6.4 Digital primary appearing in an analog expression

	8.3.7 Function calls

	8.4 Discipline resolution
	8.4.1 Compatible discipline resolution
	8.4.2 Connection of discrete-time disciplines
	8.4.3 Connection of continuous-time disciplines
	8.4.4 Resolution of mixed-signals
	8.4.4.1 Basic discipline resolution algorithm
	8.4.4.2 Detail discipline resolution algorithm
	8.4.4.3 Coercing discipline resolution


	8.5 Connect modules
	8.6 Connect module descriptions
	8.7 Connect specification statements
	8.7.1 Connect module auto-insertion statement
	8.7.2 Discipline resolution connect statement
	8.7.3 Parameter passing attribute
	8.7.4 connect_mode

	8.8 Automatic insertion of connect modules
	8.8.1 Connect module selection
	8.8.2 Signal segmentation
	8.8.3 connect_mode parameter
	8.8.3.1 merged
	8.8.3.2 split

	8.8.4 Rules for driver-receiver segregation and connect module selection and insertion
	8.8.5 Instance names for auto-inserted instances

	8.9 Driver-receiver segregation
	8.10 Driver access and net resolution
	8.10.1 $driver_count
	8.10.2 $driver_state
	8.10.3 $driver_strength
	8.10.4 driver_update
	8.10.5 net_resolution
	8.10.6 Connect module example using driver access functions

	8.11 Supplementary driver access functions
	8.11.1 $driver_delay
	8.11.2 $driver_next_state
	8.11.3 $driver_next_strength


	Scheduling semantics
	9.1 Analog simulation cycle
	9.1.1 Nodal analysis
	9.1.2 Transient analysis
	9.1.3 Convergence

	9.2 Mixed-signal simulation cycle
	9.2.1 Circuit initialization
	9.2.2 Transient analysis & A/D algorithm synchronization
	9.2.3 The synchronization loop
	9.2.4 Assumptions about the analog and digital algorithms


	System tasks and functions
	10.1 Environment parameter functions
	10.2 $random function
	10.3 $dist_ functions
	10.4 Simulation control system tasks
	10.4.1 $finish
	10.4.2 $stop

	10.5 File operation tasks
	10.5.1 $fopen
	10.5.2 $fclose

	10.6 Display tasks
	10.6.1 Escape sequences for special characters
	10.6.2 Format specifications
	10.6.3 Hierarchical name format
	10.6.4 String format

	10.7 Announcing discontinuity
	10.8 Time related functions

	Compiler directives
	11.1 `default_discipline
	11.2 `default_transition
	11.3 `define and `undef
	11.3.1 `define
	11.3.2 `undef

	11.4 `ifdef, `else, `endif
	11.5 `include
	11.6 `resetall
	11.7 Predefined macros

	Using VPI routines
	12.1 The VPI interface
	12.1.1 VPI callbacks
	12.1.2 VPI access to Verilog-AMS HDL objects and simulation objects
	12.1.3 Error handling

	12.2 VPI object classifications
	12.2.1 Accessing object relationships and properties
	12.2.2 Delays and values

	12.3 List of VPI routines by functional category
	12.4 Key to object model diagrams
	12.4.1 Diagram key for objects and classes
	12.4.2 Diagram key for accessing properties
	12.4.3 Diagram key for traversing relationships

	12.5 Object data model diagrams
	12.5.1 Module
	12.5.2 Nature, discipline
	12.5.3 Scope, task, function, IO declaration
	12.5.4 Ports
	12.5.5 Nodes
	12.5.6 Branches
	12.5.7 Quantities
	12.5.8 Nets
	12.5.9 Regs
	12.5.10 Variables, named event
	12.5.11 Memory
	12.5.12 Parameter, specparam
	12.5.13 Primitive, prim term
	12.5.14 UDP
	12.5.15 Module path, timing check, intermodule path
	12.5.16 Task and function call
	12.5.17 Continuous assignment
	12.5.18 Simple expressions
	12.5.19 Expressions
	12.5.20 Contribs
	12.5.21 Process, block, statement, event statement
	12.5.22 Assignment, delay control, event control, repeat control
	12.5.23 While, repeat, wait, for, forever
	12.5.24 If, if-else, case
	12.5.25 Assign statement, deassign, force, release, disable
	12.5.26 Callback, time queue


	VPI routine definitions
	13.21.1 Derivatives for analog system task/functions
	13.21.2 Examples
	13.30.1 Simulation-event-related callbacks
	13.30.2 Simulation-time-related callbacks
	13.30.3 Simulator analog and related callbacks
	13.30.4 Simulator action and feature related callbacks
	13.31.1 System task and function callbacks
	13.31.2 Declaring derivatives for analog system task/functions
	13.31.3 Examples
	13.32.1 System task and function callbacks
	13.32.2 Initializing VPI system task/function callbacks

	Syntax
	A.1 Source text
	A.2 Natures
	A.3 Disciplines
	A.4 Declarations
	A.5 Module instantiation
	A.6 Mixed-signal
	A.7 Behavioral statements
	A.8 Analog expressions
	A.9 Expressions
	A.10 General

	Keywords
	B.1 All keywords
	B.2 Discipline/nature
	B.3 Connect rules

	Analog language subset
	C.1 Verilog-AMS introduction
	C.1.1 Verilog-A overview
	C.1.2 Verilog-A language features

	C.2 Lexical conventions
	C.3 Data types
	C.4 Expressions
	C.5 Signals
	C.6 Analog behavior
	C.7 Hierarchical structures
	C.8 Mixed-signal
	C.9 Scheduling semantics
	C.10 System tasks and functions
	C.11 Compiler directives
	C.12 Using VPI routines
	C.13 VPI routine definitions
	C.14 Syntax
	C.15 Keywords
	C.16 Standard definitions
	C.17 SPICE compatibility
	C.18 Changes from Verilog-A LRM v1.0
	C.19 Obsolete functionality
	C.19.1 Forever
	C.19.2 NULL
	C.19.3 Generate


	Standard definitions
	D.1 The disciplines.vams file
	D.2 The constants.vams file

	SPICE compatibility
	E.1 Introduction
	E.1.1 Scope of compatibility
	E.1.2 Degree of incompatibility

	E.2 Accessing Spice objects from Verilog-AMS HDL
	E.2.1 Case sensitivity
	E.2.2 Examples

	E.3 Preferred primitive, parameter, and port names
	E.3.1 Independent sources
	E.3.2 Unsupported components

	E.4 Other issues
	E.4.1 Multiplicity factor on subcircuits
	E.4.2 Binning and libraries


	Discipline resolution methods
	F.1 Discipline resolution
	F.2 Resolution of mixed signals
	F.2.1 Default discipline resolution algorithm
	F.2.2 Alternate expanded analog discipline resolution algorithm


	Glossary

