Module 2

VHDL Data Types



Data Types

As in any other programming language VHDL
contains different data types.
In VHDL there are 4 different Data classes



Signals

An object with the current value and

projected values
The projected values can be changed as many

times as desired

)



Variables

An object with only a current value
Variable values can be changed as many
times as desired

Variables go away after synthesis
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Files

An object that consists of a sequence of
values
These are only used in test benches



Libraries

Library IEEE;

IEEE.std_logic_1164.all;
Allows the use of type "std_logic”
Allows the use of type “std_logic_vector”

IEEE.numeric_std.all;

Allows the use of type “unsigned”
Allows the use of type “signed”

library IEEE;

use IEEE.STD LOGIC 1164.ALL; Example of VHDL code
use IEEE.numeric std.all;



Different Data Types

std_logic_vector
std_logic
signed
unsigned
integer
boolean
constant
signal

port

generic
user defined

commonly |

data types



std_logic_vector

Defined in package STD_LOGIC_1164
A “std_logic_vector”is a binary
representation of a number.

For example:

signal inputs : std logic vector(Z downto 0);
signal outputs : std logic vector(l downto 0);

inputs -> |0|0|0

outputs-> |0|0




std_logic

W\ _ //

A “std_logic” typeis eithera logic "1" or a
logic "0".
Defined in package STD_LOGIC_1164

gignal shift : std logic;

A standard logic data

type is a single binary bit Shi'ﬁ: — "o |:|




Declared in package NUMERIC_STD

Is an array of std_logic

Type signed is interpreted as a signed binary
number in twos complement form

The left most (MSB) is the signed bit (2 =
negative, o = positive)

—— Set signal A to -5

gignal R :signed(® downte [) :

—— Set signal B to +5
gignal B :signed(® downto 0) :



Declared in package NUMERIC_STD

Is an array of std_logic

Type signed is interpreted as a
std_logic_vector but has different operators
available

Can only represent positive numbers

The left most bit is the MSB

-— Set signal A to 13
gignal A :unsigned(: downto 1) :

—— Set signal B to 5
g2ignal B :unsigned(: downto ) :



Integer

Declared in package STANDARD
Has values that are whole numbersin a
specified range

—— data signals

constant maxcount : integer := 1lnput size -

signal input 1 reg : unsigned(input size - downto () := (othexrs => '0'");
signal sum : unsigned(input size downto 0) := (others => '0');

=i eE—rey —mresgnedC*input size - dounto = (others => '0");

signal count : integer range to maxcount +

signal start count lead T Srd_Iogit o= ; R
signal start count follow : std logic := '0'; 4<i;-~
signal start count : std logic := '0"; _ =

No decimals! <



boolean

Declared in package STANDARD
Can be eithera 1 or o, true or false



constant

An object whose value cannot be changed
after it is initially specified

to 50

-— constant value always
constant count :integer :=



port

Used to define your input and output user
interface signals

Located in the entity section of your VHDL
design

—-— Entity declaration

lentity Full Adder is

] poxrt
5 : out std logic;
C out : out std logic;
X : in std logic;
y : in std logic;

- C in : in std logic);

-end Full_ﬂdder;



generic

Allow a design entity to be altered by the
choice of these values
They are typically an integer or Boolean value

Jentity USE is
ggeneric {
data width
‘port (

L

T

5

reset

clk
~end USE;

: in
: in
: in
: in

: integer = B);

: out std logic vector(data width - downto [);
std logic wector(data width - downto 0);
std logic wector(Z downto 0U);
std logic;
std logic);



User defined

Typically used in state machines

type state type is(init, load, right shift, done);
signal state, nxt state : state type;



- Behaviprial Full Adder
library IEEE:
use IEEE.STD LOGIC 1164.ALL;

entity Full Adder 2 is

port (
3 : out std logic:
C_out : out std logic:
H : in std logic;
¥ : in std logic;
C in : in std logic):

end Full &dder 2;

architecture behavior of Full &dder 2 is

signal inputs : 5td logic wector downto 0):
signal outputs : std logic wector downto 0):
kegin

-— Combine inputs & outputs into atd logic vector

inputs «= C_in

=

C out <= ocutputs(l):

“a]

B

“a]
bt

3 == pgutputs () :

gdder proc @ process (inputs)
begin
case inputs is
when =
cutputs <=

when ==
cutputs <=
when =
cutputs <=
when =
cutputs <=
when =
cutputs <=
when =
cutputs <=
when ==
cutputs <=
when =
cutputs <=
when others =&
gutputs <= (cthers == "X"):
end case;
end process adder proc;
end behavior;



SV CHE

Synthesis is when your VHDL design is
"synthesized” by the specific programmable
logic devices tool to be placed onto the target
FPGA [ CPLD/ etc...

Synthesis simply put is taking your VHDL
design and formatting it so that the FPGA or
CPLD knows which gates to place and where

to place them.






