RevVIEW OFVHDL

Commentsin VHDL begin with double dashes (no space betwhem) and continue to the end of the current
line. Example
-- this is a comment
Identifier (naming) rules:
Can consist of alphabet characters (a-z), numBe®3, (and underscore ()
First character must be a letter (a-z)
Last character cannot be an underscore
Consecutive underscores are not allowed
Upper and lower case are equivalent (case insespiti
VHDL keywords cannot be used as identifiers
VH DL models consist of two major parts:
1) Entity declaration — defines the 1/O of the model
2) Architectural body — describes the operation ofrtioalel
Format of Entity:
entity entity _namds
generic@eneric_nametype :=efault_valug

o0 hWNE

Qeneric_namzemode signal_type);
port(signal_namemode signal_type;

signal_namemaode signal_type);
end entityentity _nameg
Note signals of the same mode and signal_type camdagogd on 1 line
M ODE describes direction of data transfer through port
in — data flows into the port
out — data flows out of poanly
buffer — data flows out of poas well asnternal feedback
inout — bi-directional data flow into and out adrp
Note ‘buffer’ can be used for any output regardlesteefiback.
SIGNAL_TYPE defines the data type for the signal(s)
bit — single signals that can have logic values@ 1
bit_vector — bus signals that can have logic waiand 1
std_logic — same as bit but for standard simutatiod synthesis (IEEE standard 1164)
std_logic_vector — same as bit_vector but IEEBddad for simulation and synthesis
Note All vectors must have a range specifiedample
bit_vector (3 downto 0) or std_logic_vector (3 downto 0)
Note For simulation and synthesis, is it best to usk legic over bit. You must include the librarydan
package declarations in the VHDL model before théye Example
library IEEE;
use IEEE.std_logic_1164.all;
Valuesfor std-logic:

U un-initialized (undefined logic value) Z high impedance (tri-state)
X forced unknown logic value W weak unknown

0 logic O L weak 0

1 logic 1 H weak 1

- don’t care value (for synthesis minimipai
Note U is the default value for all signals at starswhulation.
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Format for Architecture body:
architecturearchitecture_namef entity _namas
-- data type definitions (ie, states, arrays, etc.)
-- internal signal declarations
signalsignal_namesignal_type;

signalsignal_namesignal_type;
-- component declarations — see format below
-- function and procedure declarations
begin
-- behavior of the model is described here andssta ofconcurrentinterconnecting:
-- component instantiations
-- processes
-- concurrent statements including:
Signal Assignment statements
When-Else statements
With-Select-When statements
end architecturarchitecture_narne
Note entity andarchitecturein the end statement is optional.

Format for component declar ation:
componentomponent_namis
generic eneric_name(sltype :=initial_value

Qeneric_name(s)ype :=initial_value);
port Signal_name(s)mode signal_type;

signal_name(s)mode signal_type);
end componertomponent_name
Note This is the same format as antity statement but the order of generics and signalsotdldnave to be the
same at that of the entity (you can adjust for tomsal notation below).

Format for component instantiation (keyword notation):
instantiation_labelcomponent_name
generic mapdeneric_name>valug --note, at end & not

generic_name>value -- noteno; at end
port map port_name=>signal_name --note, at end & not

port_name=>signal_namg

Note There are 2 types of component instantiationgwked notation and positional notation.

Keyword notationport_nameis thesignal_namefrom the component decalaration (same as orignéty).
The signal_namegiven here is the internal signal in the hierazahidesign being connected to that
particularport_name The order of the generic values and signalsbeam any order in keyword notation
since each is associated to a unique generic bbpdhe => operator.

Positional notation generic_valuesand signal_namesmust appear in the order given in the component
declaration in order to connect to the corgaeric_namer port_name respectively.
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Format for process statement:
process_labelprocessgensitivity list_signal, ..., sensitivity_list_sighal
variablevariable nametype;

variablevariable nametype;
begin
-- sequential statements describing behavior @fgss including:
I--Then-Else statements
Case-When statements
For-Loop statements
While-Loop statements
Wait statements
end procesprocess_label
Notes Theprocess_labeis optional. The sensitivity list a list of sigadhat cause the process to execute when
an event occurs on any of these signals. Withinpitocess each statement is executed sequentialy a
only sequential statements can be used in a process
VHDL MOoDELING GUIDELINES (for synthesis) used with great success in industry for past 20s/e
Two process model:
1) Synchronous process — single-clock, single-edgsif@le active value with modeling latches)
a. Minimize asynchronous operations of associated fhkflops
i. Reset/clear
ii. Set/preset
b. Focus on synchronous operation of flip-flops
i. Reset/clear
ii. Set/preset
iii. Clock enable, load
iv. Simple counting and/or shifting operations (ie, moenable, shift/load) - keep it simple,
remember you can always partition out complicat@almnational logic as in the Mealy
and Moore models
c. Assign only those signals representing flip-flops
2) Combinational logic process —include all dependenai sensitivity list
a. Partition logic functions and focus on one at atim
i. Use one type of conditional construct for that ¢ogfi-then-else or case-when)
ii. Completely specify for all conditions
lii. Assign don’'t cares whenever possible (and legitnat
b. Assign only those signals representing the output®mbinational logic functions (do not
assign any signals representing flip-flops or lagh
c. For complicated logic functions use multiple conational processes
i. Assign any given signal in one and only one process

Exceptionsto therule:

1) When the use of multiple clock edges is required rising-edge for most flip-flops then falling-edépr a
few input or output flip-flops), use two synchrosoprocesses — one for each clock edge. Assiggiaen
signal representing a flip-flop in o@&d only oneof the synchronous processes.

2) You can make very simple signal assignments (wibhlagic or conditions) using concurrent signal
assignments (ie, Z <= A;). This is particularlyogofor primary outputs to avoid the need buffer signal
types. It is also good for ensuing that primaryuitspand outputs meet I/O naming conventions and
specifications while using desired internal sigri@sbit_vectors) for more efficient modeling.
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SEQUENTIAL STATEMENTS:

If-Then-Else general format example

if (conditior) then if (S ="00") then
do stuff Z<=A;

elsif (conditior) then elsif (S =“11") then
do more stuff Z<=B;

else else
do other stuff Z<=C;

end if; end if;

Note ‘elsif and ‘else’ clauses are optional, BUT arcompletely specified ‘if’ statement (no else) impla
memory element (latch) since all signals retairirth@ue if not specified.

Case-When general format example
casesxpressions case S is
whenvalue=> when “00” =>
do stuff Z<=A;
whenvalue=> when “11” =>
do more stuff Z<=B;
when others => when others =>
do other stuff Z<=C;
end case; end case;
For-Loop general format example
label: for identifierin rangeloop init: for k in N-1 downto O loop
do a bunch of junk Q(k) <=‘07;
end loop label, end loop init;
Note Thelabel: is optional and the variable k implied in for-fppand does not need to be declared.
While-Loop general format example
label: while conditionloop init: while (k > 0) loop
do silly stuff Q(k) <='07;
end loop label, k:=k-1;
end loop init;

Note Thelabel: is optional and the variable k must be declaedaaiable in process (before begin).

CONCURRENT STATEMENTS:

logical operatorswith signal assignment <= example Z <= A and B;

When-Else general format example
expressiorwhenconditionelse Z<= Awhen S ="00"else
expressiorwhenconditionelse B when S ="11" else
expressionwhen others G,

Note “when others” maybe redundant and incompatibk& wome tools

With-Select-When general format example
with selectionselect with S select
expressiorwhencondition Z <= A when “00”,
expressiorwhencondition B when “11”,
expressiorwhen others; C when others;
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OPERATORS:

Logic Operators are the heart of logic equations and conditiotatesents.
AND OR NOT
NAND NOR XOR XNOR

Note there is NO order of precedence so use lots r@&nheses.
Relational Operatorsare primarily used in conditional statements.

= equal to /= not equal to

< less than <= less then or equal to

> greater than >= greater than or equal to
Adding Operators

+ addition - subtraction

& concatenation (puts two bits or bit_vectors iattarger bit_vector)

Example

signal A: bit_vector(5 downto 0);
signal B,C: bit_vector(2 downto 0);
B<=0&'1 &0,
C<=1&1 &0,
A<=B&C; -- Anow has “010110”
Note For bit vector arithmetic use std_logic_vectod amsigned’ and/or ‘arith’ packages as follows:
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.al;
use IEEE.std_logic_arith.all;
Multiplying Operators
* multiplication / division
mod  modulus rem remainder
Misc. Operators
*x exponentiation (left operand = integer or flimg point, right operand = integer only)

abs absolute value not inversion
Shift Operators
sll shift left logical (fill value is ‘0’)

srl shift right logical (fill value is ‘0’)
sla shift left arithmetic  (fill value is right-hdrbit)
sra shift right arithmetic (fill value is left-hdrbit)
rol rotate left ror rotate right
Note All shift operators have two operands:
left operand is bit_vector to shift/rotate
right operand is integer for # shifts/rotates
- integer same as opposite operator with + imtege
Order of Precedence:
Highest Lowest
Misc. Multiplying Adding Shift Relational Logic
Evaluation Rules:
1. Operators evaluated in order of precedence higlrestvaluated first
2. Operators of equal precedence are evaluated fribio leght
3. Deepest nested parentheses are evaluated first
Note Because of #2 you should use lots of parentheses.

C. E. Stroud, ECE Dept., Auburn Univ. 5 1/07



RevVIEW OFVHDL

Predefined data types:

bit ‘0 or‘l’ (note that std_logic is not predeéd)
(itis defined in IEEE library and std_logic_11pdckage)
boolean FALSE or TRUE
integer -(3%1) to +(Z-1)  (32“bit is sign bit)
time integer with units fs, ps, ns, us, ms, sec, h
real -1.0E38 to +1.0E38
Specifying values:
Binary bit ‘0 or‘l’
Binary string “1010” or B"1010” note: no space\Wween B and “
Hex string H“0a5c”
Octal string o"71”
Decimal number 255
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