Getting Started with VHDL

7 VHDL code is composed of a number of
entities

3 Entities describe the interface of the
component

7 Entities can be primitive objects or
complex objects

A Architectures are associated with each
entity

3 Architectures describe:
A Behavior
3 Structure
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VHDL Entities

A
_

XOR GATEm F

n
B

ports

ENTI TY xor _gate IS
GENERI C (prop_delay: TIME : = 10ns);
PORT(
a : INstd |Iogic;
b : INstd |Iogic;
f . QUT std logic);
END xor _gat e;
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Entity Syntax

entity <nane> is
[ generi c(

* . .
<gen_nane> . <type >[:=<init>];

. )]
port (
<port_name> : <dir’ > <type>;

) ;

end <nane>;

* <type>is any VHDL type
** <dir>1s a direction of the port:
| N, OUT, or | NOUT
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VHDL Architectures

A Describe the implementation of
entities

3 Can be behaviord, data- flow,
structural, or acombination

ARCHI TECTURE behavi or OF xor _gate IS
BEG N
new i nput : PROCESS(a, b)
BEG N
|F (a = b)
f <= 0 AFTER prop_del ay;
ELSE
f <= 1 AFTER prop_del ay;
END PROCESS;
END behavi or;
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Data- flow
Architecture

A Consists entirely of boolean
equations

7 References only port signals

ARCHI TECTURE dat af | ow OF xor _gate IS
BEG N
f <= (a AND NOT b) OR (NOT a AND b)
AFTER prop_del ay;
END dat af | ow;
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Structural
Architecture

? Defines an entity using components

? Definesinternal signalsto connect
components

ARCHI TECTURE structure OF xor _gate IS
COMPONENT nor gate
PORT (x, y: IN std_logic;
z: QUT std |logic);
END COMPONENT;
COVPONENT and_gat e
PORT (x, y: IN std_logic;
z: QUT std |logic);
END COMPONENT;
SIGNAL s1, s2: BIT,;
BEG N
norl: nor_gate PORT MAP (sl1, s2, f);
andl: and gate PORT MAP (a, b, sl);
nor2: nor_gate PORT MAP (a, b, s2);
END structure ;
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Syntax of an Architecture

Architecture <nane> of <entity> iIs
<decl arati ons>

begi n
<st at enent s>

end <nane>;
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Data Types

? Many datatypesin VHDL, but we
will use asmall subset:

STD _LOGIC
A single bit

STD LOGIC VECTOR
A bit vector, often used for a bus

INTEGER

Standard integer type that will often be used
for generic parameters
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Declarations — Signals

CONSTANT bus wdth : I NTEGER : = 32;
CONSTANT rise delay : TIME := 20ns;

VARI ABLE data_val :STD LOG C VECTOR (7 DOWNTO 0);
VARI ABLE sum : | NTEGER RANGE 0 TO 100;
VARI ABLE done : BOOLEAN:

SIGNAL clock : STD LOG G,
SI GNAL addr _bus : STD LOG C VECTOR (31 DOANTO 0);

? Implicit declaration

FOR count IN 1 TO 10 LOOP -- decl ares count

? sSum := sum + count;
END LOOP;
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Declarations - Components

conponent fill _reg
port (

clk |

r st S

wite S

r ead S

data in :i

FFout out

dat a_out : out

end conponent;

jun R R e B

_vector(3 downto 0);

_vector (31 downto 0));
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Architecture Body

? Concurrent Signal Assignment

statements (CSAS)
a <=Db + c;

? Component Instantiations

? Processes with behavioral
descriptions
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Component Instantiations

regb : fill _reg

port map ( clk => cl Kk,
rst => rst,
wite => write_conp,
r ead => r eadout,
data_in => dataout_conp,
FFout => FFout,

data out => datareg5 out);

regb : fill _reg
port map (clk, rst, wite_conp,
readout, dataout conp,
FFout, datareg5 out);
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Processes

3 Process Statement
<| abel > PROCESS ( <sensitivity> )
< process decl arations >
BEG N

< statenents >
END PRCCESS <I abel > ;

7 Process executes whenever an event
occurs on asignal in the sensitivity list

3 Multiple processes can execute
concurrently
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Processes

7 Sengitivity list tell ssimulator when to
evaluate process

3 No sensitivity list isrequired, BUT If
not, wait statements must be used In
the process

copyright(c) 1996 W. B. Ligon I11




Processes Example

process
begi n

wait for 15 ns;

cl kx2 <= not (cl kx2);
end process;

process(cl k, rst)
begi n
If rst =1 then
readout <= '0";
elsif (clk’event and clk="1") then

I f (Ffout = '1") then
readout <= '1";
el se
readout <=0’ ;
end if:
end if;

end process;
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Architecture Example

Li brary | EEE;

use | EEE. STD LOG C 1164. al | ;

use | EEE. STD LOGd C ARI TH. al | ;
use | EEE. STD _LOG C_UNSI GNED. al | ;

entity count _exanple is

port (
clk

I st
enabl e
| oad

data in E
data out:

in std_| ogic;
in std_| ogic;
in std_| ogic;
in std_| ogic;
in std |ogic vector(4 downto 0);

out std | ogic_vector(4 downto 0));

end count _exanpl e;
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Architecture Example

architecture versionl of count_example 1is

component adder

generic ( WIDTH : INTEGER == 8)

port (
inl -in std logic _vector(WIDTH-1 downto 0);
in2 -in std _logic_vector(WIDTH-1 downto 0);
out -out std_logic vector(WIDTH-1 downto O)

E

signal CNT :std_logic _vector(4 downto 0);
signal result :std _logic_vector(4 downto 0);

CONSTANT ONE :
std_logic_vector(4 downto 0) := "00001";
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Architecture Example

begi n
dat a_out <= CNT;
adder 1 : adder
generic map ( WDTH => 5)

port map (
i n1 => CNT,
i n2 => ONE,

out => result

propess’(clk, rst)

begi n
if rst =1 then
CNT <= "00000";
elsif (clk’event and clk = '1") then

if (load = '1") then
CNT <= data_in;

elsif (enable = "1") then
CNT <= result;
el se
CNT <= OCNT;
end if;
end if;

end process;
end versionl;
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A Logica

and or
NOTE:

1 Relational
= /= <

3 Shift

sl

3 Adding
+ - &

srli

3 Multiplying

/ mod

aremb = a -
anmnmdb=a -

A Other

abs

**x

nand
nand and nor not associ ative

Operators

nor Xor Xnor not

<= >

sla sra rol ror

rem
(a/b) * b
b * n (for sone n)

copyright(c) 1996 W. B. Ligon I11




Behavioral Statements

? Wait Statement

WAI T ON <sensitivity> UNTIL <expression> FOR
<ti me>

Exanpl es:

WAIT ON A B, G

WAIT UNTIL A > 10;

WAI T FOR 30ns;

WAIT ON A FOR 100ns;

VWAIT UNTIL C < 4 FOR 50ns;
WAIT ON B UNTIL A > 4;

WAIT ON C UNTIL B > 5 FOR 30us;
WAIT; -- suspends forever
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Control Flow Statements

? LOOP Statement

<l abel > : FOR <identifier> |IN <range> LOCP
<st at nent s>
END LOOP;

<| abel > : WHI LE <expression> LOOP

<st at ment s>
END LOOP;

<| abel > : LOOP
<st at enent s>
END LOOP;
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Control Flow Statements

? |F Statement

| F <expressi on> THEN
<st at enent s>
ELSI F <expressi on>
<st at enent s>
ELSE
<st at enent s>
END | F;

? CASE Statement

CASE <expression> | S

WHEN <choi ce> => <st at enent s>
VWHEN <choi ce> => <st at enent s>
VWHEN OTHERS => <st at enent s>
END CASE;
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Sub—-Programs

? Functions

FUNCTI ON <desi gnator> ( < args> ) RETURN
<return-type> | S

<decl ar ati ons>
BEG N

<st at enent s>
END;

? Procedures
PROCEDURE <i dentifier> ( < args>) IS
<decl ar ati ons>
BEG N

<st at enent s>
END;
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VHDL Literas

? Numbers

14364
14 364
16#FFO3#
16.3
13_634.34
1.293E-23
16#3A . B2#E3A

? Characters
"

"This 1s a string”

? Bits

X"FF_AA™
B"1101_1010"
0'"0o37"
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Architectures and Entities

A At least one architecture must be
available for each entity

ENTI TY xor _gate IS
GENERI C (prop_delay: TIME : = 10ns);
PORT(
a . IN STD LO4d G
b : INSTD LOG G
f . QUT STD LCGE O);
END xor _gat e;
ARCHI TECTURE behavi or OF xor _gate IS
BEG N
new i nput : PROCESS(a, b)
BEG N
|F (a = b)
f <= 0 AFTER prop_del ay;
ELSE
f <= 1 AFTER prop_del ay;
END PROCESS;
END behavi or;
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Architectures and Entities

3 More than one architecture may be
available for each entity

ENTI TY xor _gate IS

END xor _gat e;
ARCHI TECTURE behavi or OF xor _gate IS
BEG N

END.behavior;
ARCHI TECTURE structure OF xor _gate IS
BEG N

END'structure;
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Configuration

3 Can appear in astructural architecture

ARCHI TECTURE foo OF bar IS
COVPONENT cnpl PORT (a: IN std logic);
COVPONENT cnp2 PORT (b: IN std logic);
FOR ALL: cnpl
USE ENTITY cl1l(cl archl);
FOR c2 1, c2 2. cnp2
USE ENTITY c2(c2 _archl);
FOR C2_3 : cnp2
USE ENTITY c2(c2_arch2);
FOR OTHERS : cnp2
USE ENTITY c3(c3_archl);
BEG N
cl 1 : cnpl PORT MAP (a_1);
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Configuration Declaration

7 Used as a separate design unit

CONFI GURATION c1 OF an_entity IS
FOR cl1 architecture

FOR ALL: cnpl

USE ENTITY cl1l(cl archl);

END FOR;

FOR c2_ 1, c2 2: cnp2

USE ENTITY c2(c_2archl);

FOR c2_archl

FOR ALL xor: USE ENTITY x(xa);

END FOR;

END FOR;

FOR C2_3 : cnp2

USE CONFI GURATI ON f oobar ;

END FOR;

FOR OTHERS : cnp2

USE OPEN;

END FOR;

END FOR;

END CONFI GURATI ON;
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Configuration Defaults

A For each unbound component
Instance:

3 An entity that is visible and has the
same name is bound

3 The most recently analyzed architecture
IS used

3 For each port or generic must
correspond by name, type, and mode
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Direct | nstantiation

A3 Can bind an instance directly to an

entity or configuration

ARCHI TECTURE foo OF bar IS

SIGNAL a, b, c;

BEG N

al: ENTITY a_entl(a_archl)
PORT MAP (a, Db);

a2. ENTITY a_entl1l(a_arch2)
PORT MAP (b, c¢);

a3: ENTITY a_ent2(a_arch3)
PORT MAP (c, a);

bl: CONFI GURATI ON b_conf
PORT MAP (a, b, c¢);

END f oo;
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Packages

? Package Declaration

PACKAGE <identifier> 1S
<decl ar ati ons>
END;

? No function or procedure bodies

? Package Body Declaration

PACKAGE BODY <identifier> 1S
<decl ar ati ons>
END;

? Required for each package declaration

? Body for each function or procedurein
package declaration or body declaration

? Use Clause

USE <l i brary>. <package>. ALL
USE <l i brary>. <package>.<itenp
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Designs

? Consist of an entity and an
architecture describing it

? Architecture Is synthesizable

? May have sub—components
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Testbenches

? Used to test adesign
? Entity Is empty

? Generates all external stimulus,
Including clock and reset
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Testbench Example

Li brary | EEE;

use | EEE. STD LOG C 1164. al | ;

use | EEE. STD LOG C ARI TH. al | ;
use | EEE. std_| ogi c_unsi gned. al | ;
Li brary WORK;

use WORK. al | ;

entity testbench is
end testbench;

architecture test of testbench is

IOI;
IOI;

signal clk

td
si gnal rst td

nuwm

_logic:
_logic:
signal data inl:std |ogic vector(4 downto 0);
signal data in2:std |ogic vector(4 downto 0);
signal data out:std |ogic vector(4 downto 0);
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Testbench Example

conponent adder

port (
inl : in std |logic vector(4 downto 0);
in2 : in std |ogic vector(4 downto 0);

out : out std |ogic vector(4 downto O))
end conponent;

signal a : std |ogic vector(4 downto 0);
signal b : std |ogic vector(4 downto 0);
signal ¢ : std |ogic vector(4 downto 0);
begi n
addl : adder
port map(
i nl => a,
i n2 => Db,
out => ¢

)
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Testbench Example

R R A b S I b b b b b b i b b I I e b b b b I b S R I b 3

-- process for sinmulating the clock
process
begi n
cl k <= not (cl k);
wait for 20 ns;
end process;

R R A b S b b b b b b b b b I IR R S b b I b b S b S b b b 3

-- This process does the RESET
process
begi n
rst <='1';
wait for 53 ns;
rst <= '0";
wait until(rst'event and rst ="'1");
-- stops this process (this is an initial )
end process;
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Testbench Example

process
vari abl e i | nt eger;
variable j : integer;
begi n
for i in1lto 16 | oop

for j in1lto 16 |oop
a <= CONV_STD LOd C VECTOR(i, 5);
b <= CONV_STD LOd C VECTOR(j, 5);
wait until (clk'event and clk=1");
end | oop;
end | oop;
end process;

B b 2 S b b b b A b S b b b S b A b b b b S b b b b b S D SR IR R S b A b b b b 4

end test;

configuration c_testbench of testbench is
for test
end for;

end c_testbench;
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