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IEEE Standards

 

 documents are developed within the IEEE Societies and the Standards Coordinating Com-
mittees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily members of the Institute. The standards
developed within IEEE represent a consensus of the broad expertise on the subject within the Institute as
well as those activities outside of IEEE that have expressed an interest in participating in the development of
the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is rea-
sonable to conclude that its contents, although still of some value, do not wholly reflect the present state of
the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of
all concerned interests, it is important to ensure that any interpretation has also received the concurrence of a
balance of interests. For this reason, IEEE and the members of its societies and Standards Coordinating
Committees are not able to provide an instant response to interpretation requests except in those cases where
the matter has previously received formal consideration. 

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copy-
right Clearance Center.

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.
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Introduction

 

[This introduction is not part of IEEE Std 1076.6-1999, IEEE Standard for VHDL Register Transfer Level (RTL)
Synthesis.]

 

This standard describes a syntax and semantics for VHDL RTL synthesis. It defines the subset of IEEE Std
1076-1993 (VHDL) that is suitable for RTL synthesis as well as the semantics of that subset for the synthesis
domain. This standard is based on IEEE Std 1076-1993, IEEE Std 1164-1993, and IEEE Std 1076.3-1997.

The purpose of this standard is to define a syntax and semantics that can be used in common by all compliant
RTL synthesis tools to achieve uniformity of results in a similar manner to which simulation tools use IEEE
Std 1076-1993. This will allow users of synthesis tools to produce well-defined designs whose functional
characteristics are independent of a particular synthesis implementation by making their designs compliant
with this standard.

The standard is intended for use by logic designers and electronics engineers.

Work on this standard was initiated by the Synthesis Interoperability Working Group under VHDL Interna-
tional. The Working Group was also chartered by the EDA Industry Council Project Technical Advisory
Board (PTAB) to develop a draft based on the subsets donated by a number of companies and groups.

After the PTAB approved Draft 1.5 with an overwhelming affirmative response, an IEEE project authoriza-
tion request (PAR) was obtained for IEEE standardization. Most of the members of the original Working
Group continued to be part of the Pilot Group of P1076.6 that led the technical work. 

 

Participants

 

At the time this standard was balloted, the 1076.6 Pilot Team consisted of the following individuals:

 

Jayaram Bhasker,

 

 

 

Chair

 

Rob Anderson, 

 

Compiler Directives

 

David Bishop,

 

 

 

Web and Reflector Administrator

 

Apurva Kalia,

 

 

 

Semantics Task Leader

 

Douglas J. Smith,

 

 

 

Editor/Attributes Task Leader

 

Lance G. Thompson, 

 

Syntax Task Leader

 

Many individuals from different organizations contributed to the development of this standard. In particular,
the following individuals contributed to its development by being part of the Synthesis Interoperability
Working Group:

In addition, 95 individuals on the Working Group e-mail reflector also contributed to the development of this
standard.

Victor Berman
Dominique Borrione
Dennis B. Brophy
Ben Cohen
Colin Dente
Wolfgang Ecker

Robert A. Flatt
Christopher Grim
Rich Hatcher
Masamichi Kawarabayashi
Jim Lewis
Sanjiv Narayan
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Steven E. Shultz
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Eugenio Villar
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Bill Anker
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IEEE Standard for VHDL Register 
Transfer Level (RTL) Synthesis

 

1. Overview

 

1.1 Scope

 

This standard defines a means of writing VHSIC hardware description language (VHDL) that guarantees the
interoperability of VHDL descriptions among any register transfer level (RTL) synthesis tools that comply
with this standard. Compliant synthesis tools may have features above those required by this standard. This
standard defines how the semantics of VHDL shall be used; for example, to model level- and edge-sensitive
logic. It also describes the syntax of the language with reference to what shall be supported and what shall
not be supported for interoperability.

The use of this standard should enhance the portability of VHDL designs across synthesis tools conforming
to this standard. It should also minimize the potential for functional simulation mismatches between models
both before and after they are synthesized.

 

1.2 Compliance to this standard

 

1.2.1 Model compliance

 

A VHDL model shall be defined as being compliant to this standard if the model

a) Uses only constructs described as supported or ignored in this standard

b) Adheres to the semantics defined in this standard

 

1.2.2 Tool compliance

 

A synthesis tool shall be defined as being compliant to this standard if the tool

a) Accepts all models that adhere to the model compliance definition in 1.2.1

b) Supports language-related pragmas defined by this standard

c) Produces a circuit model that has the same functionality as the input model, based on the verification
process outlined in Clause 5
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1.3 Terminology

 

The word 

 

shall

 

 indicates mandatory requirements to be followed strictly in order to conform to the standard
and from which no deviation is permitted (

 

shall

 

 equals 

 

is required to

 

). The word 

 

should

 

 indicates that a cer-
tain course of action is preferred, but not necessarily required, or that (in the negative form) a certain course
of action is deprecated but not prohibited (

 

should

 

 equals 

 

is recommended that

 

). The word 

 

may

 

 indicates a
course of action permissible within the limits of the standard (

 

may

 

 equals 

 

is permitted

 

).

A synthesis tool is said to

 

 accept

 

 a VHDL construct if it allows that construct to be legal input; it is said to

 

interpret

 

 the construct (or to provide an 

 

interpretation

 

 of the construct) if it produces something that repre-
sents the construct. A synthesis tool is not required to provide an interpretation for every construct that it
accepts, but only for those for which an interpretation is specified by this standard.

The constructs in the standard shall be categorized as follows:

—

 

Supported:

 

 RTL synthesis shall interpret a construct; that is, map the construct to an equivalent hard-
ware representation.

—

 

Ignored:

 

 RTL synthesis shall ignore the construct. Encountering the construct shall not cause syn-
thesis to fail, but synthesis results may not match simulation results. The mechanism, if any, by
which RTL synthesis notifies (warns) the user of such constructs is not defined by this standard.
Ignored constructs may include unsupported constructs.

—

 

Not supported:

 

 RTL synthesis does not support the construct. RTL synthesis does not expect to
encounter the construct, and the failure mode shall be undefined. RTL synthesis may fail upon
encountering such a construct. Failure is not mandatory; more specifically, RTL synthesis is allowed
to treat such a construct as ignored.

 

1.4 Conventions

 

This standard uses the following conventions:

a) VHDL reserved words (such as 

 

downto

 

) are in boldface, and all other VHDL identifiers (such as
REVERSE_RANGE or FOO) are in uppercase letters.

b) The text of the VHDL examples and code fragments is represented in a fixed-width font.

c) Syntax text that is struck-through (e.g. text) refers to syntax that shall not be supported.

d) Syntax text that is underscored (e.g. text) refers to syntax that shall be ignored.

e) “<” and “>” are used to represent text in one of several different, but specific, forms. For example,
one of the forms of <clock_edge> could be “CLOCK'EVENT 

 

and

 

 CLOCK = ‘1’.”

f) Any paragraph starting with “NOTE” is informative and not part of the standard.

g) The examples that appear in this document under 

 

“

 

Example:

 

”

 

 

 

are for the sole purpose of demon-
strating the syntax and semantics of VHDL for synthesis. It is not the intent of any such examples to
demonstrate, recommend, or emphasize coding styles that are more (or less) efficient in generating
an equivalent hardware representation. In addition, it is not the intent of this standard to present
examples that represent a compliance test suite or a performance benchmark, even though these
examples are compliant with this standard (except as noted otherwise).
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2. References

 

This standard shall be used in conjunction with the following publications. If any of the following standards
are superseded by an approved revision, the revision shall apply.

IEEE Std 1076-1993, IEEE Standard VHDL Language Reference Manual.

 

1

 

IEEE Std 1076.3-1997, IEEE Standard Synthesis Packages (NUMERIC_BIT and NUMERIC_STD).

IEEE Std 1164-1993, IEEE Standard Multivalue Logic System for VHDL Model Interoperability
(STD_LOGIC_1164).

 

3. Definitions

 

Terms used within this standard, but not defined in this clause, are from IEEE Std 1076-1993

 

2

 

, IEEE Std
1164-1993, and/or IEEE Std 1076.3-1997.

 

3.1 assignment reference:

 

 The occurrence of a literal or expression as the waveform element of a signal
assignment statement, or as the right-hand side expression of a variable assignment statement.

 

3.2 don’t care value:

 

 The enumeration literal ‘-’ of the type STD_ULOGIC (or subtype STD_LOGIC)
defined by IEEE Std 1164-1993.

 

3.3 edge-sensitive storage element: 

 

A storage element mapped to by a synthesis tool that

a) Propagates the value at the data input whenever an appropriate value is detected on a clock control
input, and 

b) Preserves the last value propagated at all other times, except when any asynchronous control inputs
become active.

(For example, a flip-flop.)

 

3.4 high-impedance value:

 

 The enumeration literal “Z” of the type STD_ULOGIC (or subtype
STD_LOGIC) defined by IEEE Std 1164-1993.

(For example, a latch.)

 

3.5 Language Reference Manual (LRM):

 

 The IEEE VHDL Language Reference Manual (IEEE Std
1076-1993).

 

3.6 level-sensitive storage element: 

 

A storage element mapped to by a synthesis tool that

a) Propagates the value at the data input whenever an appropriate value is detected on a clock control
input, and 

b) Preserves the last value propagated at all other times, except when any asynchronous control inputs
become active.

 

3.7 logical operation:

 

 An operation for which the VHDL operator is 

 

and

 

, 

 

or

 

, 

 

nand

 

, 

 

nor

 

, 

 

xor

 

, or 

 

not

 

.

 

1

 

IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://www.standards.ieee.org/).

 

2

 

References are listed in Clause 2.
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3.8 metacomment:

 

 A VHDL comment (--) that is used to provide synthesis-specific interpretation by a syn-
thesis tool.

 

3.9 metalogical value:

 

 One of the enumeration literals, ‘U’, ‘X’, ‘W’, or ‘-’, of the type STD_ULOGIC (or
subtype STD_LOGIC) defined by IEEE Std 1164-1993.

 

3.10 pragma:

 

 A generic term used to define a construct with no predefined language semantics that influ-
ences how a synthesis tool will synthesize VHDL code into an equivalent hardware representation.

 

3.11 register transfer level (RTL):

 

 A level of description of a digital design in which the clocked behavior
of the design is expressly described in terms of data transfers between storage elements, which may be
implied, and combinational logic, which may represent any computing or arithmetic-logic-unit logic. RTL
modeling allows design hierarchy that represents a structural description of other RTL models.

 

3.12 synthesis tool:

 

 Any system, process, or tool that interprets RTL VHDL source code as a description of
an electronic circuit and derives a netlist description of that circuit.

 

3.13 user:

 

 A person, system, process, or tool that generates the VHDL source code that a synthesis tool
processes.

 

3.14 vector:

 

 A one-dimensional array.

 

3.15 well-defined:

 

 Containing no metalogical or high-impedance element values.

 

3.16 synthesis-specific attribute:

 

 An attribute recognized by an RTL synthesis compliant tool as described
in 7.1.

 

3.17 synchronous assignment: 

 

An assignment that takes place when a signal or variable value is updated as
a direct result of a clock edge expression evaluating as true.

 

4. Predefined types

 

A synthesis tool, compliant with this standard, shall support the following predefined types:

a) BIT, BOOLEAN, and BIT_VECTOR as defined in IEEE Std 1076-1993

b) CHARACTER and STRING as defined in IEEE Std 1076-1993

c) INTEGER as defined in IEEE Std 1076-1993

d) STD_ULOGIC, STD_ULOGIC_VECTOR, STD_LOGIC, and STD_LOGIC_VECTOR as defined
by the package STD_LOGIC_1164 in IEEE Std 1164-1993

e) SIGNED and UNSIGNED as defined by the VHDL package NUMERIC_BIT in IEEE Std
1076.3-1997

f) SIGNED and UNSIGNED as defined by the VHDL package NUMERIC_STD in IEEE Std
1076.3-1997

No array types, other than those listed in items (e) and (f) above, shall be used to represent signed and
unsigned numbers.

The synthesis tool shall also support user-defined and other types derived from the predefined types, accord-
ing to the rules of 8.3. 
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By definition, if a type with a metalogical value is used in a model, then this type shall have as an ancestor a
type that belongs to the package STD_LOGIC_1164 (IEEE Std 1164-1993).

 

5. Verification methodology

 

Synthesized results may be broadly classified as either combinational or sequential. Sequential logic has
some form of internal storage (latch, register, memory). Combinational logic has outputs that are solely a
function of the inputs, with no internal loops and no internal storage. Designs may contain both sequential
and combinational parts.

The process of verifying synthesis results using simulation consists of applying equivalent inputs to both the
original model and synthesized models, and then comparing their outputs to ensure that they are equivalent.
“Equivalent” in this context means that a synthesis tool shall produce a circuit that is equivalent at the input,
output, and bidirectional ports of the model. Since synthesis, in general, does not recognize the same delays
as simulators, the outputs cannot be compared at every simulation time. Rather, they can only be compared
at specific simulation times when all transient delays have settled and all active timeout clauses have been
exceeded. If the outputs do not match at all comparable times, the synthesis tool shall not be compliant.
There shall be no matching requirement placed on any internal nodes.

Input stimulus shall comply to the following criteria:

a) Input data does not contain metalogical values.

b) Input data may contain ‘H’ and ‘L’ on inputs, in which case they are converted to ‘1’ and ‘0’,
respectively.

c) For combinational verification, input data must change far enough in advance of sensing times to
allow transient delays to have settled.

d) After asynchronous set/reset signals go from active to inactive, there must be enough time to take
care of setup/hold times of the sequential elements before clock and/or input data change.

e) For edge-sensitive-based designs, primary inputs of the design must change far enough in advance
for the edge-sensitive storage element input data to not violate the setup times with reference to the
active clock edge. Also, the input data must remain stable for long enough to respect the hold times
with respect to the active clock edge.

f) For level-sensitive storage element based designs, primary inputs of the design must change far
enough in advance for the level-sensitive storage element input data to respect the setup times. Also,
the input data must remain stable for long enough to respect the hold times.

 

NOTE—A synthesis tool may define metalogical values appearing on primary outputs in one model as equivalent to log-
ical values in the other model. For this reason, the input stimulus may need to reset internal storage elements to specific
logical values before the outputs of both models are compared for logical values.

 

5.1 Combinational verification 

 

To verify combinational logic, the input stimulus shall be applied first. Sufficient time shall be provided for
the design to settle, and then the outputs shall be examined. To verify the combinational logic portion of a
model, the following sequence of events shall be performed repeatedly for each input stimulus application:

a) Apply input stimulus

b) Wait for data to settle

c) Check outputs
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Each application of inputs shall include enough delay so that the transient delays and timeout clause delays
have been exceeded. A model is not in compliance with this standard if it is possible for outputs or internal
nodes of the combinational model to never reach a steady state (i.e., oscillatory behavior).

 

Example:

 

A <= 

 

not

 

 A 

 

after

 

 5 ns; -- oscillatory behavior, noncompliant

 

5.2 Sequential verification

 

The general scheme consists of applying inputs periodically and then comparing the outputs just before the
next set of inputs is applied. Sequential models contain edge-sensitive and/or level-sensitive storage ele-
ments. The sequential design must be reset, if required, before verification can begin.

The verification of designs containing edge-sensitive or level-sensitive storage elements is as follows:

a)

 

Edge-sensitive models:

 

 The same sequence of tasks used for combinatorial verification shall be per-
formed during sequential verification: change the inputs, compute the results, compare the outputs.
For sequential verification, however, these tasks shall be synchronized with one of the inputs, which
is a clock. The inputs must change in an appropriate order with respect to the input that is treated as
a clock, and their consequences must be allowed to settle prior to comparison. Comparison might
best be performed just before the active clock edge and the non-clock inputs can change after the
edge. The circuit then has the rest of the clock period to compute the new results before they are
stored at the next clock edge. The period of the clock generated by the stimulus shall be sufficient to
allow the input and output signals to settle.

b)

 

Level-sensitive models:

 

 These designs are generally less predictable than edge-sensitive models due
to the asynchronous nature of the signal interactions. Verification of synthesized results depends on
the application. With level-sensitive storage elements, a general rule is that data inputs should be sta-
ble before enables go inactive (i.e., latch) and comparing of outputs is best done after enables are
inactive (i.e., latched) and combinational delays have settled. In the absence of changes to the inputs
of the level-sensitive model, if one or more internal values or outputs of the model never reach a
steady state (oscillatory behavior), then it is not in compliance with this standard.

 

6. Modeling hardware elements

 

This clause specifies styles for modeling hardware elements, such as edge-sensitive storage elements, level-
sensitive storage elements, and three-state drivers.

This clause does not limit the optimizations that can be performed on a VHDL model. The scope of optimi-
zations that may be performed by a synthesis tool depends on the tool itself. The hardware modeling styles
specified in this clause do not take into account any optimizations or transformations. A specific tool may
perform optimizations and may not generate the suggested hardware inferences, or it may generate a
different set of hardware inferences. This shall NOT be taken as a violation of this standard, provided the
synthesized netlist has the same functionality as the input model, as characterized in Clause 5.
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6.1 Edge-sensitive sequential logic

 

6.1.1 Clock signal type

 

The allowed types for clock signals shall be BIT, STD_ULOGIC, and their subtypes (e.g., STD_LOGIC)
with a minimum subset of ‘0’ and ‘1’. Only the values ‘0’ and ‘1’ from these types shall be used in expres-
sions representing clock levels and clock edges (see 6.1.2).

Scalar elements of arrays of the above types shall be supported as clock signals.

 

Example:

 

signal

 

 BUS8: std_logic_vector(7 

 

donut

 

 0);
...

 

process 

 

(BUS8(0))

 

begin
if

 

 BUS8(0) = '1' 

 

and

 

 BUS8(0)'EVENT 

 

then

 

...
...

-- BUS8(0) is a scalar element used as a clock signal.

 

6.1.2 Clock edge specification

 

The function RISING_EDGE shall represent a rising edge and the function FALLING_EDGE shall repre-
sent a falling edge. RISING_EDGE and FALLING_EDGE are the functions declared by either the package
STD_LOGIC_1164 defined in IEEE Std 1164-1993, or by the package NUMERIC_BIT defined in IEEE Std
1076.3-1997.

 

clock_edge ::= 
 RISING_EDGE(

 

clk_signal

 

_name)
| FALLING_EDGE(

 

clk_signal

 

_name)
| clock_level 

 

and

 

 event_expr
| event_expr 

 

and

 

 clock_level

clock_level ::= 

 

clk_signal

 

_name = '0' |

 

 clk_signal

 

_name = '1'

event_expr ::=

 

clk_signal

 

_name'EVENT
|

 

not

 

 

 

clk_signal

 

_name'STABLE

 

6.1.2.1 Positive edge clock

 

The following expressions shall represent a positive clock edge when used as a condition in an 

 

if

 

 statement
(positive <clock_edge>):

 

—

 

RISING_EDGE( 

 

clk_signal_

 

name )

 

 

 

— clk_signal_name'EVENT and clk_signal_name = '1'
— clk_signal_name = '1' and clk_signal_name'EVENT  
— not clk_signal_name'STABLE and clk_signal_name = '1'  
— clk_signal_name = '1' and not clk_signal_name'STABLE  

The following expressions shall represent a positive clock edge when used as a condition in a wait until
statement (positive <clock_edge> or <clock_level>):
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— RISING_EDGE(clk_signal_name)  
— clk_signal_name = '1'
— clk_signal_name'EVENT and clk_signal_name = '1'  
— clk_signal_name = '1' and clk_signal_name'EVENT  
— not clk_signal_name'STABLE and clk_signal_name = '1'  
— clk_signal_name = '1' and not clk_signal_name'STABLE  

6.1.2.2 Negative edge clock

The following expressions shall represent a negative clock edge when used as a condition in an if  statement
(negative <clock_edge>):

— FALLING_EDGE(clk_signal_name)  
— clk_signal_name'EVENT and clk_signal_name = '0' 
— clk_signal_name = '0' and clk_signal_name'EVENT  
— not clk_signal_name'STABLE and clk_signal_name = '0' 
— clk_signal_name = '0' and not clk_signal_name'STABLE  

The following expressions shall represent a negative clock edge when used as a condition in a wait until
statement (negative <clock_edge> or <clock_level>):

— FALLING_EDGE(clk_signal_name)  
— clk_signal_name = '0'  
— clk_signal_name'EVENT and clk_signal_name = '0'  
— clk_signal_name = '0' and clk_signal_name'EVENT  
— not clk_signal_name'STABLE and clk_signal_name = '0'  
— clk_signal_name = '0' and not clk_signal_name'STABLE  

6.1.3 Modeling edge-sensitive storage elements

A synchronous assignment takes place when a signal or variable is updated as a direct result of a clock edge
expression evaluation to true.

A signal updated with a synchronous assignment should model one or more edge-sensitive storage elements.

A variable updated in a synchronous assignment should model an edge-sensitive storage element. If simula-
tion semantics suggest that the value of the variable is read before it is written, then an edge-sensitive storage
element should be modeled by the variable. By optimization, the generated edge-sensitive storage may be
eliminated.

Only one clock edge shall be allowed per process statement (including any procedures called within the
process). Conditional or selected signal assignments shall not be used to model an edge-sensitive storage
element (see 8.9.5).

No wait statements are allowed in a procedure (8.2.2).

6.1.3.1 Using the “if” statement

An edge-sensitive storage element may be modeled using a clock edge with an if  statement. The template for
modeling such an edge-sensitive storage element shall be
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[process_label:] 

 

process

 

 (<clock_signal>)
<declarations>

 

begin
if

 

 <clock_edge> 

 

then

 

<sequence_of_statements>

 

end

 

 

 

if

 

;

 

end

 

 

 

process 

 

[process_label];

 

The clock signal in <clock_edge> shall be listed in the process sensitivity list.

Sequential statements preceding or succeeding the 

 

if

 

 statement shall not be supported.

 

Example:

 

DFF:

 

process

 

(CLOCK)

 

begin

 

 

 

if

 

 CLOCK'EVENT 

 

and

 

 CLOCK = '1' 

 

then

 

 
Q <= D; -- Q models a rising edge-triggered storage element

 

end

 

 

 

if

 

; 

 

end

 

 

 

process 

 

DFF;

 

6.1.3.2 Using the “wait” statement

 

An edge-sensitive storage element may be modeled using a clock edge as a condition in a 

 

wait

 

 

 

until

 

 state-

ment. The 

 

wait

 

 

 

until

 

 statement shall be the first statement in the 

 

process

 

. No additional 

 

wait

 

 

 

until

 

statements shall appear within such a 

 

process

 

,

 

 

 

including any procedures called within the 

 

process

 

. The tem-

plate for modeling such an edge-sensitive storage element shall be

 

[process_label:] 

 

process

 

<declarations>

 

begin
wait

 

 

 

until

 

 <clock_edge>; -- this must be the first statement in the process
<sequence_of_statements>

 

end

 

 

 

process 

 

[process_label];

 

NOTES

1—Because the 

 

wait until 

 

statement must appear as the first statement of the process, an asynchronous override (set or
reset) of edge-sensitive storage elements can not be represented using the 

 

wait until

 

 statement form.

2—Conditional or selected signal assignments shall not be used to represent edge-sensitive storage elements.

 

Example:

 

DFF1:

 

process

 

 

 

begin

 

 

 

wait

 

 

 

until

 

 CLOCK = '0';
Q <= D; -- Q models a falling edge-triggered storage element

 

end

 

 

 

process 

 

DFF1;

 

Example:

 

DFF2:

 

process

 

 

 

variable

 

 VAR: UNSIGNED(3 

 

downto

 

 0);

 

begin
wait

 

 

 

until

 

 CLOCK = '1';
VAR := VAR + 1; 
COUNT <= VAR; 

 

end

 

 

 

process 

 

DFF2;

-- Variable VAR should model four rising edge-triggered storage elements because the
-- value of VAR is read in the first assignment before its value is assigned.
-- By optimization, some edge-triggered storage elements may be eliminated.
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Example:

DFF3: process
variable VAR: UNSIGNED(3 downto 0);

begin
wait until CLOCK = '1';

VAR := COUNT; -- Variable is written prior to being read.
VAR := VAR + 1; -- VAR is combinational.
COUNT <= VAR;    -- Count models edge-sensitive storage elements.

end process DFF3;

-- Variable VAR should not model edge-sensitive storage elements because VAR is
-- assigned a value before its value is read.

6.1.3.3 With asynchronous control

A variable or a signal that is synchronously assigned may also be asynchronously assigned to model asyn-
chronous set/reset edge-sensitive storage elements. Such a variable or a signal models an asynchronous
set/reset edge-sensitive storage element. The template for representing such edge-sensitive storage elements
shall be

[process_label:] 
process (<clock_signal>, <asynchronous_signals>)

<declarations>
begin

if <condition1> then
<sequence_of_statements>

elsif <condition2> then
<sequence_of_statements>

elsif <condition3> then
...

elsif <clock_edge> then
<sequence_of_statements>

end if;
end process [process_label];

The if  branches preceding the last clock edge branch represents the asynchronous set/reset logic. 

A clock edge shall only appear in the last elsif condition.

Sequential statements, as used in the template above, shall not include any if  statements conditional on a
clock edge. 

The sensitivity list of the process shall include all of the following:

a) The clock signal sensed by the clock edge expression

b) All signals sensed by the remaining conditions of the if  statement

c) All signals sensed by the sequential statements governed by the remaining conditions of the if  state-
ment other than the clock edge expression

No signals other than those identified in the above list shall appear in the sensitivity list.

The order of the signals in the sensitivity list is not important.

Sequential statements preceding or succeeding the if  statement shall not be supported.
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NOTES

1—Asynchronous set-reset conditions are level sensitive; that is, they cannot contain a clock edge expression. Addition-
ally, these conditions have a higher priority than the clock edge condition. 

2—It is not necessary to describe both set and reset cases if the desired implementation does not require both of these
features. Either or both may be modeled in the RTL model. 

3—The VHDL semantics shall be followed in resolving any priority between set and reset.

Example:

AS_DFF: process (CLOCK, RESET, SET, SET_OR_RESET, A) 
begin 

if RESET = '1' then
Q <= '0'; 

elsif SET = '1' then 
Q <= '1';

elsif SET_OR_RESET = '1' then 
Q <= A; 

elsif CLOCK'EVENT and CLOCK = '1' then 
Q <= D; 

end if; 
end process AS_DFF;

-- Signal Q models an asynchronous reset/set rising edge triggered 
-- edge-sensitive storage element. The reset expression is RESET, the set
-- expression is SET, and SET_OR_RESET may be either a reset condition or a set
-- condition according to the value of A.

6.2 Level-sensitive sequential logic

A level-sensitive storage element shall be modeled for a signal (or variable) when both of the following
apply:

a) The signal (or variable) is assigned either directly in a process, or assigned within a subprogram
invoked within the process, and the process contains no clock edge construct.

b) There are executions of the process that do not execute an explicit assignment (via an assignment
statement) to the signal (or variable).

A level-sensitive storage element may be modeled for a signal (or variable) when both of the following apply:

a) The signal (or variable) is assigned in a process that contains no clock edge construct.

b) There are executions of the process in which the value of the signal (or variable) is read before its
assignment.

The process sensitivity list shall contain all signals read within the process statement. Processes with
incomplete sensitivity lists are not supported.

NOTES

1—Variables declared in subprograms never model level-sensitive storage elements, because variables declared in sub-
programs are always initialized in every call.

2—Conditional or selected signal assignments shall not be used to model a level-sensitive storage element (see 8.9.5).

3—When a signal is assigned from within a procedure, it shall have the same inference semantics as a signal assigned
from within a process.

4—It is recommended to avoid a modeling style in which the value of a signal or variable is read before its assignment.
This would avoid the generation of unwanted storage elements where none might be intended.
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Example:

LEV_SENS: process (ENABLE, D)
begin 

if ENABLE = '1' then 
Q <= D; -- Q is an incomplete asynchronous assignment, 

end if; -- so it models a level-sensitive storage element.
end process;

6.3 Three-state and bus modeling

Three-state logic shall be modeled when an object, or an element of the object, is explicitly assigned the
IEEE Std 1164-1993 value “Z.” 

The assignment to “Z” shall be a conditional assignment; that is, assignment occurs under the control of a
condition.

For a signal that has multiple drivers, if one driver has an assignment to “Z,” all drivers shall have at least one
assignment to “Z.”

NOTE—If an object is assigned a value “Z” in a process that is edge-sensitive or level-sensitive (as described in 6.1 and
6.2), then a synthesis tool may infer sequential elements on all inputs of the three-state logic.

6.4 Modeling combinational logic

Any process that does not contain a clock edge or wait statement shall model either combinational logic or
level-sensitive sequential logic. 

If there is always an assignment to a variable or signal in all possible executions of the process, and all vari-
ables and signals have well-defined values, then the variable or signal models combinational logic.

a) If a signal or variable is updated before it is read in all executions of a process, then it shall model
combinational logic.

b) If a signal or variable is read before it is updated, then it may model combinational logic.

Concurrent signal assignment statements (see 8.9.5) and concurrent procedure calls (see 8.9.3) always
model combinational logic.

The process sensitivity list shall list all signals read within the process statement.

7. Pragmas

Pragmas influence how a model is synthesized. The following pragmas may appear within the VHDL code: 

a) Attributes

b) Metacomments

7.1 Attributes

Only one attribute with a synthesis-specific interpretation shall be supported for synthesis:
ENUM_ENCODING. All others shall be ignored.
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7.1.1 ENUM_ENCODING attribute

An attribute named ENUM_ENCODING shall provide a means of encoding enumeration type values. The
attribute specification for this attribute shall specify the encoding of the enumeration type literals in the form
of a string. This string shall be made up of tokens separated by one or more spaces. There shall be as many
tokens as there are literals in the enumeration type, with the first token corresponding to the first enumera-
tion literal, the second token corresponding to the second enumeration literal, and so on. 

Each token shall be made up of a sequence of ‘0’ and ‘1’ characters. Character ‘0’ shall represent a logic 0
value, and character ‘1’ shall represent a logic 1 value. Additionally, each token may optionally contain
underscore characters; these shall be used for enhancing readability and are to be ignored. All tokens shall be
composed of the same number of characters (ignoring the underscore characters). The following declares an
enumeration type and attribute ENUM_ENCODING:

type <enumeration_type> is (<enum_lit1>, <enum_lit2>, ..., <enum_litN>);

attribute ENUM_ENCODING: STRING; -- Attribute declaration

The attribute specification defines the encoding for the enumeration literals.

attribute ENUM_ENCODING of <enumeration_type>: type is
"[<space(s)>]<token1><space(s)><token2><space(s)>...<tokenN>[<space(s)>]"; 
-- Attribute specification

Token <token1> specifies the encoding for <enum_lit1>, <token2> specifies the encoding for <enum_lit2>,
and so on.

This attribute shall only decorate an enumeration type.

NOTE—Use of this attribute may lead to simulation mismatches (e.g., with use of relational operators).

Example:

-- Example shows ENUM_ENCODING used to describe one-hot encoding: 

attribute ENUM_ENCODING: string;
type COLOR is (RED, GREEN, BLUE, YELLOW, ORANGE);

attribute ENUM_ENCODING of COLOR: type is "10000 01000 00100 00010 00001";

-- Enumeration literal RED is encoded with the first value 10000, 
-- GREEN is encoded with the value 01000, and so on.

User-defined attribute declarations and their specifications shall be ignored.

7.2 Metacomments

Two metacomments provide for conditional synthesis control. They shall be

— RTL_SYNTHESIS OFF

— RTL_SYNTHESIS ON

A synthesis tool shall ignore any VHDL code after the “RTL_SYNTHESIS OFF” directive and before any
subsequent “RTL_SYNTHESIS ON” directive. 
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Metacomments differing only in the use of corresponding uppercase and lowercase letters shall be consid-
ered the same. 

The source code as a whole, including ignored constructs, shall conform to IEEE Std 1076-1993. The source
code, exclusive of constructs ignored because of the metacomments, shall be compliant with the terms of
this standard.

NOTES

1—Care should be taken when using these metacomments to ensure that synthesis behavior accurately reflects simula-
tion behavior. Use of these metacomments may lead to simulation mismatches.

2—The interpretation of comments other than RTL_SYNTHESIS OFF and RTL_SYNTHESIS ON by a synthesis tool
is not compliant with this standard.

8. Syntax

8.1 Design entities and configurations

8.1.1 Entity declarations

entity_declaration ::=
  entity identifier is
    entity_header
    entity_declarative_part
[ begin
    entity_statement_part  ]
  end [ entity ] [ entity_simple_name ] ;

Supported: 

— Entity_declaration

Ignored:

— Entity_statement_part

Not supported: 

— Entity_declarative_part

— Reserved word entity after reserved word end

Example:

library IEEE;
use IEEE.std_Logic_1164. all;

  
entity E is

generic(DEPTH : Integer := 8); 
  port ( CLOCK : in std_logic;

RESET : in std_logic;
        A : in std_logic_vector(7 downto 0);

B : inout std_logic_vector(7 downto 0);
C : out std_logic_vector(7 downto 0));

end E;

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:09:37 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1076.6-1999

http://www.avadocuments.com/doc/ieee-1076-6-1999
http://www.avadocuments.com/doc/ieee-1076-6-1999


IEEE
REGISTER TRANSFER LEVEL SYNTHESIS Std 1076.6-1999

Copyright © 2000 IEEE. All rights reserved. 15

8.1.1.1 Entity header

entity_header ::=
[ formal_generic_clause ]
[ formal_port_clause ]

generic_clause ::= generic( generic_list );

port_clause ::= port( port_list );

Supported: 

— Entity_header

— Generic_clause

— Port_clause

a) Generics

generic_list ::= generic_interface_list

Types allowed in the generic interface list of the entity_header shall be those described in 8.4.3.2.

Supported: 

— Generic_list

b) Ports

port_list ::= port_interface_list

Supported: 

— Port_list

Ignored: 

— Initial values in port_list

8.1.1.2 Entity declarative part

entity_declarative_part ::=
  { entity_declarative_item }

entity_declarative_item ::
subprogram_declaration

| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared_variable_declaration
| file_declaration
| alias_declaration
| attribute_declaration
| attribute_specification
| disconnection_specification
| use_clause
| group_template_declaration
| group_declaration
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Not supported:

— Entity_declarative_part

— Entity_declarative_item

8.1.1.3 Entity statement part

entity_statement_part  ::=
{ entity_statement  }

entity_statement  ::=
concurrent_assertion_statement

| passive_concurrent_procedure_call
| passive_process_statement

Ignored: 

— Entity_statement_part

— Entity_statement

NOTE—The entity statement part describes passive behavior for simulation monitoring purposes. It cannot drive signals
in the architecture; therefore, it has no effect on the behavior of the architecture.

8.1.2 Architecture bodies

architecture_body ::=
architecture identifier of entity_name  is

architecture_declarative_part
  begin
    [ architecture_statement_part ]
  end [ architecture ] [ architecture_simple_name ] ;

Supported: 

— Architecture_body

— Multiple architectures corresponding to a given entity declaration

Not supported: 

— Global signal interactions between architectures

— Reserved word architecture after reserved word end

8.1.2.1 Architecture declarative part

architecture_declarative_part ::=
{ block_declarative_item }

block_declarative_item ::=
    subprogram_declaration
  | subprogram_body
  | type_declaration
  | subtype_declaration
  | constant_declaration
  | signal_declaration
  | shared _variable_declaration
  | file_declaration
  | alias_declaration
  | component_declaration
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  | attribute_declaration
  | attribute_specification
  | configuration_specification
  | disconnection_specification

| use_clause
  | group_template_declaration
  | group_declaration

Supported: 

— Architecture_declarative_part

— Block_declarative_item

Ignored:

— File_declaration

— Alias_declaration

— Configuration_specification

— Disconnection_specification

— User-defined attribute declarations and their specifications, except as described in 7.1.

Not supported: 

— Shared_variable_declaration

— Group_template_declaration

— Group_declaration

A use clause shall only reference the selected name of a package, which may, in turn, reference all of (or a
particular item_name within) the package.

Attribute declarations and attribute specifications will be supported only for the synthesis-specific attributes
described in 7.1. All other attribute declarations and attribute specifications shall be ignored.

8.1.2.2 Architecture statement part

architecture_statement_part ::=
  { concurrent_statement }

Supported: 

— Architecture_statement_part

as defined in 8.9.

8.1.3 Configuration declaration

configuration_declaration ::=
  configuration identifier of entity_name is
    configuration_declarative_part
    block_configuration
  end [ configuration] [configuration_simple_name];

configuration_declarative_part ::=
  { configuration_declarative_item }
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configuration_declarative_item ::=
    use_clause
  | attribute_specification
  | group_declaration

Supported: 

— Configuration_declaration

Not supported: 

— Configuration_declarative_part

— Configuration_declarative_item

— Reserved word configuration after reserved word end

Configuration declaration shall be supported to the extent of specifying the architecture to be associated with
the top-level entity of a synthesized design hierarchy.

8.1.3.1 Block configuration

block_configuration ::=
  for block_specification
    { use_clause  }
    { configuration_item  }
  end for ;

block_specification ::=
    architecture_name
  | block_statement _label
  | generate_statement _label  [ ( index_specification )  ]

index_specification  ::=
    discrete_range
  | static_expresion

configuration_item  ::=
    block_configuration
  | component_configuration

Supported: 

— Block_configuration

— Block_specification

Not supported:

— Use_clause

— Index_specification

— Configuration_item

— Block_statement_label

— Generate_statement_label

Use clause shall not be supported in this context. 

Block specification shall only be an architecture name. 

Configuration declaration shall only be used to select the architecture to be used with the top-level entity.
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