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Forra gangen

library IEEE; STD_LOGIC
use IEEE.STD LOGIC 1164.ALL; STD_LOGIC_VECTOR
Klocksignal 1

T ck

& dk_per

Inget varde Kortsluten
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VHDL - exempel

library IEEE;
use IEEE.STD LOGIC 1164.ALL;

, FARA
lejonbur —

[T

clock
—

entity lejonbur is
port (
Gl : in STD_LOGIC;

G2 : in STD LOGIC;
— —_—

FARA : out STD_LOGIC;
clock : in STD_LOGIC \ orary
); .
end lejonbur; I Entity
)
architecture behav of lejonbur is
begin .
FARA <= Gl and G2: < Architecture
end behav;
—
—
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Deklaration av signaler

library IEEE; Endast lasbar i kretsen
use IEEE.STD LOGIC 1164.ALL;

Endast skrivbar i kretsen
entity lejonbur is

port (
Gl :lin | spb 1oOGIC;
G2 : in MTD_LOGIC;
FARA :fout STD_ LOGIC;
clock : in STD_LOGIC \ Deklaration av
)i ;
end lejonbur; signaler
architecture behav of lejonbur is
signal sl : STD_LOGIC;
begin \ Signalen finns endast
sl <= G2; inuti kretsen

FARA <= Gl and sl;

end behav; . .
ehav Las- & skrivbar
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Deklaration av konstanter

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity lejonbur is

port (
Gl : in STD_LOGIC;
G2 : in STD_LOGIC;
FARA : out STD_LOGIC;
clock : in STD_LOGIC

)i

end lejonbur;

architecture behav of lejonbur is

constant cl
signal sl

STD_LOGIC
STD_LOGIC;
begin

sl <= G2 and cl;
FARA <= Gl and sl;
end behav;
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Deklaration av
. 1/, = konstant

Signaler och konstanter

library IEEE;
use IEEE.STD LOGIC 1164.ALL;

entity lejonbur is
port (

Gl : in STD_LOGIC;
G2 : in STD_LOGIC;
FARA : out STD_LOGI

Objekttyp
STD_LOGIC
STD_LOGIC_VECTOR
INTEGER

clock : in STD_LOGZC

)i
end lejonbur;

architecture behav of lejon
constant cl STD_LOGIC
signal sl STD_LOGIC;
begin
sl <= G2 and cl;
FARA <= Gl and sl1;
end behav;
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Tilldelning av varde

r is /férconstant

\ "1’ logisk 1:a

1 heltalet 1

Tilldelning av varde
for signal
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Egendefinierade typer

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

entity lejonbur is
port (
inp : in

o : out STD_LOGI

end lejonbur;

architecture behav of 1

type my type is |(on,
my_type;

signal sl
begin
if inp = "1’

onbur is

Deklaration av ny

STD LOGIC; .
- signaltyp

off);

Maijliga varden for

sl <= on; E———-—_2 typen

else
sl <= off;
end if;
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Anvandbart vid
beskrivning av FSM

Signalbuss

g ——-
gw--»
22— > 20
a3 > z
b Z1
bo komb1 z
1 z3
EZ e
R ——

library IEEE;
use IEEE.STD _LOGIC 1164.ALL;

entity lejonbur is
port (
a0 : in STD_LOGIC;
al : in STD_LOGIC;
a2 : in STD_LOGIC;
a3 : in STD_LOGIC;
b0 : in STD_LOGIC;

z0 : out STD_LOGIC;
2
end lejonbur;
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—

a[3:0] 5
. komb1 2[3:0]
B30l >

library IEEE;
use IEEE.STD _LOGIC 1164.ALL;

entity lejonbur is
port (
a : in STD_LOGIC_VECTOR (3 downto 0);
b : in STD_LOGIC_VECTOR (3 downto 0)
z : out STD_LOGIC_VECTOR (3 downto 0
)i
end lejonbur;

)
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Anvandning av signalbuss

library IEEE; For att satt alla bitar till ett visst varde

use IEEE.STD_LOGIC_1164.ALL; z <= (others => '0’);

entity sig vector is
port (
a : in STD_LOGIC_VECTOR(S downto 0) ;
b : in STD_LOGIC_VECTOR (3 downto 0)
z : out STD_LOGIC_VECTOR (7 downto 0
)i

end sig_vector;

) Konkatenera signaler

architecture behav of lejonbur is
signal sl, s2 : STD_LOGIC_VECTOR (3 dowAto 0);

begin
sl <= ”0010”;
s2 (2 downto 0) a(l downto 0) & b(l);
s2(3) <= "'1";
¥———= Observera skillnaden
z <= s2 & s4; 717 en bit

d behav; .
ene benav 70010 flera bitar
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3 downto O eller 0 to 3?

entity komb3 is al0] z[0]

port (
a : in STD_LOGIC_VECTOR(3 downto 0); a[3:0]

z[2
z : out STD_LOGIC_VECTOR(3 downto 0)); []

Calzl a2

end entity;

entity komb3 is
port (
a : in STD_LOGIC_VECTOR(B downto 0);
z : out STD_LOGIC_VECTOR(3 to 0));
end entity;

architecture data_flow of komb2 is
begin
z <= aj;

end architecture;
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z[3:0]
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Concurrent Signal Assignment

Signalvarden uttrycks med Booleska operationer
and, or, xor, nor, not,

architecture data flow of comb2 is d I E l
begin e i I

a <= d and c;

b <= d;

c <= b or e;
end architecture;

Anvand parenteser!
a <= (b or e) and d;
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Conditional Signal Assignment

En signal far varde beroende pa villkor likt if-else

Villkoret (a=’” 1’ and b='1")

har hogst prioritet
architecture data_flow of comb2 is
begin

f <= ’1’ when (a='1l’ and b='1’) else
1’ when c='0’ else
o’ ;
end architecture;
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Selected Signal Assignment

En signal far varde beroende pa villkor likt case/switch

architecture data flow of comb2 is

begin
with abc select A
f <= ’1’ when 70107, 1 010
d when 71007, J—
0’ when others; d 100
end architecture; '0'—others

Alla andra fall ex. ﬁ abc

70007, ”111”, ... .
Ingen prioritet mellan

olika signaler
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Heladderare

library IEEE;
use IEEE.std logic 1164.all;
entity full adder is
port(a, b, c in : in STD_LOGIC;
z, c_out : out STD_LOGIC) ;
end entity;
architecture data flow of full adder is
signal temp : STD_LOGIC;
begin
temp <= a xor b;
z <= temp Xor c_in;
c out <= (a and b) or (c _in and temp);
end architecture;
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Heladderare - Library

For att anvanda

Library

]

STD_LOGIC och STD_LOGIC_VECTOR
library IEEE; (
use IEEE.std logic 1164.all;
——
———
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Heladderare - Entity
(N
. [_tibrary ]
—
b z
burrund full_adder _— Entit
c_in ¢ out y
—p —
)
entity full adder is
port(a, b, c in : in STD_LOGIC;
———

z, c_out : out STD_LOGIC) ;

end entity;
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Heladderare - Architecture

/

signal temp
begin

temp <= a xor b;

d architecture;

Alla tilldelning sker parallellt
(samtidigt)

c_out <= (a and Db)

Arkitekturens namn

architecture data flow of full adder is

STD_LOGIC;

z <= temp xor c in;

or (c_in\and temp);

[_ibrary ]
}:‘\

Architecture

————
——————/

Deklaration av interna signaler
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Heladderare — Vivado

entity full adder is
port (
a, b, c_in
z, c_out : out STD_LOGIC);

end entity;

BD—C

temp_i
0 p_|

[t

RTL_XOR

: in STD_LOGIC;

architecture data flow of full adder is

signal temp :

begin

STD_LOGIC;

temp <= a xor b;

z <= temp xor c_in;

c_out <=
end architecture;

c_out0,
10, U

RTL_AND

c_out0_i__0

(o]

RTL_AND

(a and b) or (c_in and temp);

0 c_out_i

RTL_OR

oo

RTL_XOR

~

D [ con
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Heladderare - Signaler

entity full adder is
port (

end entity;

D

temp_i

D

a, b, c_in :

architecture data_flow of full adder is

in STD_roOGIC; Pegin

z, c¢_out : out STD_LOGIC) ;

signal temp : STD_LOGIC;

temp <= a xor b;

z <= temp xor c_in;

c_out <= (a and b) or (c_in and temp) ;

end architecture;

10
(]
b 1 c_outD_i
RTLXOR 0

11
RTL_AND

c_out_i
<=

11
RTL_OR

c_outD_i__0
10y

]

RTL_AND

RTL_XOR

Do

In- och utsignaler, interna signaler

Kan endast lasas
i kretsen

c_out0_i
10 S c_out_i
(¢} 10—
11
I
RTL_AND
RTL_OR
|
. I_GCJUULIfﬂ
o
u zi
RTL_AND LN
n
HTL_XOR

Kan bade lasas och
skrivas
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i kretsen

/l

Kan endast ges varden

— |
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Heladderare - FPGA

b_IBUF_inst 2_OBUF_inst_i_t
I 0
v[ > «& . 10 2_OBUF_inst
1BUF —n of— ! © [
a_IBUF_inst —2 OBUF
>0 o
IBUF c_out_OBUF_inst_i_1
c_in_IBUF_inst —o ¢_out_OBUF_inst
cin D l|>2 —I1 o ~]I>E Dc_out
IBUF e OBUF
Cedl Properties wm
(i) 2_0BUF _inst_i_1
2 11 10 O=l0&Mm
o 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0 z=a®b®c
1 0 0 1
1 0 10
1 1.0 0
1 1 1 1
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Ge alltid signaler ett varde

a <= "1’ when b = '0’;

a blir ett minneselement

a <= '1’" when b = 0’ else '0’;

a blir en ledning med vardet b’

| Messages
a i) 2warnings [ | GY63infos [ (i) 132 statuses | Show All
E =l Synthesis (2 warnings)
== 1 [Synth 8-327] inferring latch for variable 'a_reg' llatch.vhd: 45
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Process

» Beskriva beteendet av en digital krets pa hégre abstraktionsniva

» LIKNAR traditionell sekventiell programmering

e |F-ELSE och CASE satser kan anvandas

architecture behav of systeml is

e R
_ . architecture
begin PR
procl: process(..)
St proc1
end process; \ ) Alla processer utfors
) parallellt
proc2: process(..)
begin proc2
end process; ~—
end architecture;
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Process - Syntax

sensitivity list
Etikett for processen \ /
procl: process(..)

begin

end process;

andZ: process(a, D) g Signalernaa och b

begin triggar processen
if a and b then
z <= "'1"; ~\\§‘ a ___ |
else b
z <= '0";
end if;
end process; Viktigt att utsignalen

alltid far ett varde
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Process - Signaltilldelning

| en process kan en signal tilldelas varden pa flera stéllen
utan att det blir en kortslutning

proc2: process(a, b)

begin
z <="'0’";
if a = 1’ then
z <= '1';
end if;
if b = 0’ then
z <="'0'";
end if; z kommer ENDAST att anta
end process; det varde som den tilldelas

sist i processen
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Process — Sekventiellt?

proc2: process(a, b)
begin oma = ’'1’ ochb='0’
z <="'0";
if a = ’1’ then
z <= "1";
end if;
if b = 0’ then
z <= "'0";
end if;

Programmering

end process;

Sekventiella strukturer underlattar

implementering av algoritmer
Hardvarubeskrivning

MEN

glém inte att det ar hardvara som

genereras
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Konstruktion av storre system

* Dela upp i mindre komponenter
+ Varje komponent konstrueras och testas fristdende
» Komponenter séatts ihop till stérre

ps2_clk_falling_edge_detect_i

ps2_dk_sync_i
signal in|
ps2_dk in[ > eswncin system_dk_in Falling_edge_out
ol system_dlk_in| lsync_out system_rst_n_in| w53, reoekver |
rst_n_in[> system_rst_n_in falling_edge_detector =
synchronizer dk_in}
enable_in| ibusy_out
read_ena_in busy_out
_ena_in [ ps2_clk_falling_edge in| _laeta o0 DDdat;‘i{}ut(y 0
ps2_data_sync_i kel ol i valld data ot ™ jats available_out]
rst_n_in|
ps2_data_in[—> asyne_in T TN
system_dk_in |sync_out
system_rst_n_in)

synchronizer
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Koppla samman delkretsar i VHDL

architecture struct of example is

/ Deklaration av komponent

component full adder is
port (
a, b, c_in : in STD_LOGIC;
z, c_out : out STD_LOGIC) ;
end component;

begin .
9 Instansiera och

1:full_add — X :
comp-:tull_adder koppla ihop signaler

port map(...);

end architecture;
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Port Map - exempel

entity ex port map is
port(a, b, c

in STD_LOGIC;
z : out STD_LOGIC) ;

architecture struct of ex port map is

component and2 is
port(il, i2 : in STD_LOGIC;

y : out STD_LOGIC) ;
end component;

signal internl : STD_LOGIC;
begin

and2 port map (
compl:and2 port map (

il => internl,
il => a, i2 => ¢,
i2 => b, y => z);
y => internl);

end architecture;
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Topp-modul

Vid design av ett system med mer an en komponent maste dessa kopplas
samman i en modul

top - Behavioral {top. i) (7]
iebug__ - debug - Behavior

@ contral_i - contrel - Behavioral

@ memory i - memory - Behavioral (1

Constraints

imuiation Sources ()

Jsm_1 (3)

@ control j - control -
(- @ top - Behavioral
@ debug i -de!

@ controli - s
emory_i - memory - Behaviorz
emory_th - Behavioral (memor
@ memory_i - memory - Behaviar
> >
DEBUG > CONTROL - [ Hierarchy | Uibraries | Compie Order
> control.vhd
debug.vhd 3 *
- MEMORY -
f memory.vhd -
top.vhd
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Testbench

Inga in- eller utsignaler

Innehaller en instans av modulen som ska
testas

Genererar insignalsmonster

T Uy —
system_TB

system
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Verifiering

En testbench fér varje komponent och delsystem
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Generera testsignaler

library ieee;
use ieee.STD_LOGIC_ 1164.all;

entity system TB is
end entity;

architecture arch of system TB is
component system is
port(a, b : in STD logic;
f : out STD LOGIC);
end component;

signal a TB, b TB, f TB : STD LOGIC
begin
DUT:system port map (

a => a_TB
b = b TB
f =>f TB

signal_gen:process

begin
a TB <= 'l';
b TB <= '0"';
wait for ns;
a TB <= '0';
wait for ns;
b TB <= '1';
wait for ns;

end process;
end architecture;
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Sammanfattning

* Olika typer av signaler

— anvandardefinierade typer

* Flera signaler kan sattas ihop till en signalbuss

* Olika satt att tilldela signalvarden

— prioriterad tilldelning kan ge langa logiska kedjor

* | process kan en signal tilldelas varden pa flera stallen

+ Komponenter kan kopplas ihop med port map

e Testbench

— Generera insignaler till modulen som ska testas

— Hela VHDL-spraket kan anvandas
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