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Section 3

Data types

Verilog-AMS HDL supportsinteger , real , andparameter  data types as found in
IEEE 1364-1995 Verilog HDL. It also modifies theparameter data types and introduces
array of realas an extension of thereal data type. Plus, it extends thenet data types to
support a new type calledwreal  to model real value nets.

Verilog-AMS HDL introduces a new data type, callednet_discipline, for representing
analog nets and declaringdisciplines of all nets  andregs . Thedisciplines define the
domain  and the natures ofpotential  andflow  and their associated attributes for
continuous domains. A new data type calledgenvar is also introduced for use with
behavioral loops.

3.1 Integer and real data types

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

Syntax 3-1—Syntax for integer and real declarations

An integer declaration declares one or more variables of type integer. These variables
can hold values ranging from -231 to 231-1. 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.

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_expression: lower_limit_constant_expression]
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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 described byIEEE STD-754-1985,an 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 zero (0).

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 (0). Integer variables whose values are assigned in a digital context default
to an initial value ofx .  Real variables are initialized to zero (0) at 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

// 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, that is, an expression
containing only constant numbers and previously defined parameters.

For parameters defined as arrays, the initializer shall be aconstant_param_arrayinit

expression which is a list of constant expressions containing only constant numbers and
previously defined parameters within{  and}  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 with thedefparam statement or in the
module_instance statement. 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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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 inIEEE 1364-1995 Verilog HDL:

• An optional type for the parameter can be specified in Verilog-AMS HDL. In
IEEE 1364-1995 Verilog HDL, the type of a parameter defaults to the type of the
default expression.

parameter_declaration ::=
parameter [opt_type] list_of_param_assignments;

opt_type ::=
real

| integer

list_of_param_assignments ::=
declarator_init {, declarator_init}

declarator_init ::=
parameter_identifier= constant_expression{ opt_value_range}

| parameter_array_identifier range= constant_param_arrayinit{ opt_value_range}

opt_value_range ::=
from value_range_specifier

| excludevalue_range_specifier
| excludevalue_constant_expression

value_range_specifier ::=
start_paren expression1: expression2 end_paren

start_paren ::=
[ | (

end_paren ::=
] | )

expression1 ::=
constant_expression |-inf

expression2 ::=
constant_expression |inf

constant_param_arrayinit ::=
{ param_arrayinit_element_list}

param_arrayinit_element_list ::=
param_arrayinit_element {, param_arrayinit_element }

param_arrayinit_element ::=
 constant_expression
| { replicator_constant_expression{constant_expression} }
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• A range of permissible values can be defined for each parameter. InIEEE 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.

3.2.1 Type specification

The parameter declaration can contain an optionaltype specification. 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 = 1e-3 ;
parameter integer size = 16 ;

If the typeof a parameter is not specified, it is derived from the type of the value of the
constant expression as inIEEE 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 real size = 10 ;

Here,size  is coerced to10.0 .

3.2.2 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 brackets,[ and], indicate inclusion of the end points in the valid range. The
use of parenthesis,( and), indicate exclusion of the end points from the valid range. It is
possible to include one end point and not the other using [ ) and( ]. 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 forneg_rail  is -15 and it is only allowed to acquire values
within the range of-50 <= neg_rail < 0 . Similarly, the default value for parameter
pos_rail  is 15 and it is only allowed to acquire values within the range of
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0 < pos_rail < 50 . And, the default value forgain  is 1 and it is allowed to acquire
values within the range of1<= gain <= 1000 .

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

Example:

parameter real val3=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 real res = 1.0 exclude 0 ;

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

Issue #38: For which value does the range check apply?

Range checking applies to the value of the parameter for the instance and not against the
default values specified in the device. It shall be an error only if the value of the
parameter is out of range during simulation.

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 integers inIEEE 1364-1995 Verilog HDL.

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

• A type of a parameter array shall be given in the declaration.

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

• If the 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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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:

genvar i;
analog begin

...
for  (i = 0; i < 8; i = i + 1) begin

V(out[i]) <+ transition(value[i], td, tr);
end
...

end

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

3.4 Net_discipline

In addition to the data types supported byIEEE 1364-1995 Verilog HDL, an additional
data type,net_discipline, is introduced in Verilog-AMS HDL for continuous time and
mixed signal simulation.net_discipline is 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 net is characterized by the discipline it follows. For example, all low-voltage nets have
certain common characteristics, all mechanical nets have certain common
characteristics, etc. Therefore, anet is always declared as a type of discipline. In this
sense, a discipline is a user-defined type for declaring a net.

genvar_declaration ::=
genvar list_of_genvar_identifiers;

list_of_genvar_identifiers ::=
genvar_identifier { , genvar_identifier }
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A disciplineis characterized by the domain and the attributes defined in thenaturesfor
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.

Syntax 3-4—Syntax for nature declaration

A nature shall be defined between the keywordsnature 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.

nature_declaration ::=
nature nature_name

[ nature_descriptions ]
endnature

nature_name ::=
nature_identifier

| nature_identifier : parent_identifier

parent_identifier ::=
nature_identifier

| discipline_identifier.flow
| discipline_identifier.potential

nature_descriptions ::=
nature_description { nature_description }

nature_description ::=
attribute= constant_expression;

attribute ::=
abstol

| access
| ddt_nature
| idt_nature
| units
| attribute_identifier
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Examples:

electrical [MSB:LSB] n1 ; // MSB and LSB are parameters
voltage [5:0] n2, n3 ;
magnetic inductor ;
logic [10:1] connector1 ;

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 onlypotential access functions. When modeling a discrete
system, the discipline of a net can only have adomain  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.

3.4.5 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.g.,V(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 reference node (ground).

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;

ground_declaration ::=
ground  [ range ] list_of_nets;
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resistor #(.r(10K)) r1(out,gnd);
analog begin

V(out) <+ V(in,gnd)*2;
end

endmodule

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(i1, i2, o1, o2, o3);
input  i1, i2;
output o1, o2, o3;
electrical i1, i2, o1, o2, o3;

// ab1, ab2, cb1, cb2 are implicit nets, not declared
blk_a a1( i1, ab1 );
blk_a a2( i2, ab2 );
blk_b b1( ab1, cb1 );
blk_b b2( ab2, cb2 );
blk_c c1( o1, o2, o3, cb1, 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 zero (0.0 ).

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.

Syntax 3-8—Syntax for declaring digital nets

Examples:

digital_net_declaration ::=
digital_net_declaration

| wreal [ list_of_identifiers ];
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module foo(in, out);
input  in;
output out;
wreal in;

  electrical out;
analog begin

    V(out) <+ in;
end

endmodule

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 thèdefault_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.

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

The scope of this directive is similar to the scope of the`define compiler directive. The
default discipline is applied to all signals without a discipline declaration which appear
in the text stream following the use of the‘default_discipline directive until either
the end of the text stream or another‘default_discipline  directive with the same
combination of qualifier and scope (if applicable) is found in the subsequent text.
Therefore, more than one‘default_discipline directive can be in force
simultaneously, provided each differs in scope, qualifier, or both.

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

qualifier ::=
integer | real | reg | wire | tri  | wand | triand  | wor | trior

| trireg  | tri0  | tri1  | supply0 | supply1

scope ::=
instance_identifier

Version 2.0 Verilog-AMS Language Reference Manual 3-19

Discipline precedence Data types

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(in1, in2, out);
input  in1, in2;
output out;
reg out;

always begin
out = ~(in1 && in2);

end

endmodule

This example illustrates the usage of the‘default_discipline directive. The netsin1 ,
in2 , andout  all have disciplinelogic  by default.

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

3.7 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.

• The discipline name can be used in a‘default_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 example1;
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
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3. ‘default_discipline  with qualifier and scope, e.g.,

`default_discipline electrical trireg  example1.instance5;

4. ‘default_discipline  with scope only, e.g.,

`default_discipline electrical example1.instance5;

5. ‘default_discipline  with qualifier only, e.g.,

`default_discipline electrical trireg ;

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

Issue #86: The compatibility rules are not properly defined in this section. So, a
proposal is included to reword this section.

Certainoperationscanbedoneonnetsonly if thetwo (or more)netsarecompatible.For
example,if anaccessfunctionhastwo netsasarguments,theyshallbecompatible.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.

NatureCompatibilityRule: Twonaturesarecompatibleif theybothexistandarederived
from the same base nature.

NatureIncompatibilityRule: Two naturesarenot incompatibleif theyarecompatibleor
if one or both do not exist.

Units Value Rule: All 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.

PotentialCompatibilityRule: If thenaturesof thetwo potentialsarecompatibleandthe
natures of the two flows are not incompatible, then the two disciplines are considered
compatible.

Flow CompatibilityRule: If thenaturesof thetwo flows arecompatibleandthenatures
of the two potential are not incompatible, then the two disciplines are considered
compatible.

Empty Discipline Rule: An empty discipline is compatible with all disciplines of the
same domain.
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Discrete Domain Rule: Disciplines with thediscrete  domain attribute with the same
signal value type (i.e.,bit , real , andinteger ) are compatible with each other.

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

Signal Connection Rule: It shall be an error to connect two ports or nets of different
domainsunlessthereis aconnect statement(see8.4)definedbetweenthesedisciplines.
It shall be an error to connect two ports or nets of the same domain with incompatible
disciplines.

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 must be compatible. The
following rules shall apply to determine the compatibility of two (or more) nets:

Discrete Domain Rule:Digital nets with the same signal value type (ie. bit, real, integer)
are compatible with each other if their disciplines are compatible, ie. the discipline has a
discrete domain or is empty.

Signal Domain Rule:It shall be an error to connect two ports or nets of different domains
unless there is a connect statement (see 8.4) defined between the disciplines of the nets
or ports.

Signal Connection Rule: It shall be an error to connect two ports or nets of the same
domain with incompatible disciplines.

3.8.1 Discipline and Nature Compatibility

The following rules shall apply to determine discipline compatibility:

Self Rule (Discipline): A discipline is compatible with itself.

Empty Discipline Rule: An empty discipline is compatible with all other disciplines,
regardless of domain.

Domain Incompatibility Rule: Disciplines with different domain attributes are
incompatible.

Potential Incompatibility Rule: Disciplines with incompatible potential natures are
incompatible.

Flow Incompatibility Rule:Disciplines with incompatible flow natures are incompatible.

The following rules shall apply to determine nature compatibility:

Self Rule (Nature): A nature is compatible with itself.

Non-Existent Binding Rule: A nature is compatible with a non-existent discipline
binding.

Base Nature Rule: A derived nature is compatible with its base nature.
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• electrical  andsig_flow_v  are compatible disciplines because the nature for
potential is same for both disciplines and the nature for flow does not exist in
sig_flow_v .

• electrical  andmechanical rotational 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.

• An empty disciplineis 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  andlogic  are incompatible disciplines because the domains are
different.A connect statement must be used to connect these nets and or ports
together. A connect statement must be used to connect nets or ports of these
disciplines together.

• electrical  andcontinous_elec are compatible disciplines because the
default domain for disciplineelectrical  is continous  and the specified
natures for potential and flow are the same.

3.9 Branches

A branch is a path between two nets. If both nets are conservative, then the branch is a
conservative branch and it defines a branch potential and a branch flow. If one net is a
signal-flow net, then the branch is asignal-flow branch and 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 as thebranch terminals. Only one net need be specified, in
which case the second net defaults toground 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.
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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 branch. When 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.

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.

branch_declaration ::=
branch list_of_branches;

list_of_branches ::=
terminals list_of_branch_identifiers

terminals ::=
( net_or_port_scalar_expression)

| ( net_or_port_scalar_expression, net_or_port_scalar_expression)

list_of_branch_identifiers ::=
branch_identifier [ range ]

| branch_identifier [ range ], list_of_branch_identifiers

Vector Branch

Vector TerminalVector Terminal
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Figure 3-2 One vector and one scalar terminal

3.10 Namespace

The following subsections define the namespace.

3.10.1 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.

3.10.2 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
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 character (. ) can be used to reference a net across the module
boundary according to the rules specified inIEEE 1364-1995 Verilog HDL.

Vector Branch

Scalar TerminalVector Terminal
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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 character (. ) can be used to reference a net across the module
boundary according to the rules specified inIEEE 1364-1995 Verilog HDL.
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