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Modulo Sequencial Trivial — Latch D

library IEEE;

use IEEE.STD LOGIC 1164.all;

entity LatchD is
port(enable : in
dataIn : in
dataOut : out
end LatchD;

dataln

EN

Q

dataOut

std logic;
std logic) ;

A saida “segue” a entrada
quando enable="'1’

[ &4 Simulation Waveform Editor - C/Users/Amaldo/Desktop/LSDig/Lectured/Lectured - Lectured - [sim.. [ = | = Iﬁ’-—f
architecture Behav of LatchD is |[% 5 ! snesn &= % - prtdvnon I
_ D& % & & ZE)E W OEE Z)E 2 x84 (@8
begln Master Time Bar: 30,0 ns E E] Pointer: 51,08 ns Interval: 21,08 ns Start: End:
process (enable, dataln) e et (P 0m so.gns s el
begin in_ enable BO
if (enable = 'l') then 8| dwn o1 T [
o dataOut  BX |
dataOut <= dataln; ! | Kl 11
d - f 0% 00:00:00 H
end if; — -
end process; Porque razdo o sinal dataOut surge inicialmente ‘.
e V4 = i
end Behav; como “XXXXXXXX”? E relevante? Como resolver? %



Modulo Sequencial Simples com Clock
1lib IEEE; Fllp-ﬂOp tIpO D

use IEEE.STD LOGIC 1164.all;

dataln D Q dataOut
entity FFD is
port (clk : in std logic; clk S
dataIn : in std logic;
dataOut : out std logic); -
- Porque razao apenas o
end FFD;

clk éincluido na

lista de sensibilidade?
architecture Behav of FFD is

begin ;
clk'event and clk = ‘1’ é

1k
process (clk) equivalente a rising edge (clk)

begin
if (clk'event and clk = 'l') then
dataOut <= dataln;
end if;

clk'event and clk = ‘0’ é

end process;
equivalentea falling edge (clk)

end Behav;
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Simulacao do Flip-Flop D

i S
-g; Simulation Waveform Editor - C:/Users/Arnaldo/Desktop/Lectured/Lectured - Lectured -... [ —_—

SR

File Edit View

Simulation

Help

@) % & M E T E

Search altera.com

B E B 2 )R e w2 (=]

@

Master Time Bar: 0 ps E] E] Pointer: 120.64ns Interval: 120.64ns Start: End:
II:I ps 80.0ns 160.0 ns 240,01 °
Name Value at ! ! !
0 ps 0 ps
A
N dataln = BO |
St dataOut  BO | |
1 q (1] | ol -

0% Qo:00:00
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FF tipo D com Enable

entity FFDEn is
port(clk : in
enable : in
dataIn : in
dataOut : out
end FFDEn;

architecture Behav of
begin

process (clk)

begin

if (rising edge(clk)) then Name veest )2
if (enable = '1'
dataOut <= dataln;

end if;
end if;
end process;
end Behav;

std logic;
std logic;

std logic; clk

std _logic) ;

_dataln

>EN

dataOut

FFDEn 1is
F ™
&4 Simulation Waveform Editor - Ci/Users/Amaldo/Desktop/LSDig/Lectured/Lectured - Lectured - [simulatiun!qs...ElElﬂ
Fle Edit View Simulaton Help 5 Search altera.com @
+] ®* o0 1 z)@)@mu)@XEXEXE oy —!|80.
b (24 A T ML Hi H Hn Bn (s oe
Master Time Bar: 0 ps E m Pointer:  200.9 ns Interval:  200.9 ns Start: End:
0ps BU.P ns 160.|0 ns 240.|0 ns 320.|0 T
0ps
Ly I
. N
) then L& 80
i, enable BO
in_ dstaln  BO
e datsOut B0
4 AN n b
0% 00:00:00
A - -
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FF tipo D com Enable e Reset

architecture BehavRSync of FFDEnRst is

entity FFDEnRst is

port (reset : in std logic;
clk : in std logic;
enable : in std logic;
dataIn : in std logic;

dataOut : out std logic);
end FFDEnRst;

architecture BehavRAsyn of FFDEnRst is

begin .
Variante com
process (reset, clk) ,
. Reset Assincrono
begin
if (reset = 'l') then

dataOut <= '0';
elsif (rising edge(clk)) then
if (enable = 'l') then
dataOut <= dataln;
end if;
end if;
end process;
end BehavRAsyn;

begin
process (clk)

begin

Variante com

Reset Sincrono

if (rising edge(clk)) then

if (reset = '1l'")

dataOut <= '0';

elsif (enable =
dataOut <= dataln;

end if;
end if;
end process;

end BehavRSync;

then

’

'1') then

reset
dataln‘D R Q
clk

> EN
enable

dataOut
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de Avairo



Registo de 8 bits

entity FFD8EnRst is

dataln +>

port (reset : in std logic;
clk : in std logic;
enable : in std logic;
dataIn : in std logic_vector (7 downto 0);

dataOut : out std logic_vector (7 downto 0));

end FFD8EnRst;

architecture Behav of FFD8EnRst is
begin
process (clk)

begin
Exemplo com

if (rising edge(clk)) then ;
Reset Sincrono

if (reset = 'l') then
dataOut <= (others => '0');
elsif (enable = 'l') then
dataOut <= dataln;
end if;
end if;

end process;

end Behav;

dataln(0)

dataln(1)

dataln(7)

reset

J

8

Registo
FFD8ENnRst

AN
| A

clk enable

reset

D R q
FF

— dataOut(0)

— dataOut(1)

clk

FF

EN

— dataOut(7)

enable
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Registo de Tamanho Parametrizavel

entity FFDNEnRst is reiet
generic (N positive := 8);
port (reset in std _logic; N N

clk in std logic; dataln —/—gp-|  ROISO L/ g dataOut
enable in std_logic;
dataln in std _logic_vector((N-1) downto 0);
dataOut out std logic vector((N-1) downto 0)); 4 |

end FFDNEnRst; enable  clk

architecture Behav of FFDNEnRst is
begin
rg; Simulation Waveform Editor ® CfUsers/Amaldo/Desktop/LSDig/Lecture4/Lectured - Lec... 5= e | process (clk)
Fle Edit View Simulston Help 5 Search altera.com @ begin
b @) 0 A 2 HENE B ICE 2 )E AR A [EH if (rising edge(clk)) then
Master Time Bar: 0 ps E E Pointer: #5.89ns Interval: %9.85ns Stark 0ps End: 0ps if (reset = 'l') then
" Value at 0 ps SU.PI’IS lﬁU.IOr'Is 240.|0r'|s SZD.IUHS 400.|Un5 %U.Iﬂr’ dataOut <= (others => '0’);
BRI elsif (enable = 'l') then

TE* et [P0 ] 1 dataOut <= dataln;

n L IR O I Y B B .

D ensble B0 HizsznzanmiBEER] L end 1f;

B b dataln  HOO DS SR 23 b end if; Exemp|o com

i% > dataOut  HOD = 0o [”34 1|0 oo ¥ 2 Xr: v en:ngeizzfess ; Reset Sincrono

0%  00:00:00
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Contador Binario Crescente de 8 bits
com Enable e Reset Sincrono

entity BinUCntEnRst8 is
port(reset : in std logic;
clk : in std logic;
enable : in std logic;

cntOut : out std logic_vector (7 downto 0));
end BinUCntEnRstS8;

Porque razao é
architecture Behav of BinUCntEnRst8 is necessario declarar

signal s _cntValue : unsigned(7 downto 0); o sinal s_cntValue? L‘

reset

> BinUCntEnRst8 <—|

8 cntOut

begin enable
proces S ( Clk) r%g Simulation Waveform Editor - C/Users/Amaldo/Desktop/L5Dig/Llectured/Lectured - Lectured - [simulation/gsi E@ﬂ
begin File Edit View Smulaton Help 5P Search altera.com @
if (rising edge(clk)) then B (2 3 0 M & L HE B 0B E R | WD e] A (=] B
if (reset = ! 1 | ) then Master Time Bar: 0 ps E E Pointer: 453,26 ns Interval: 453,26 ns Start: 0ps End: 0Ops
— p— v |l . 0 ps 80.0 ns 160.0ns 240.0ns 320.0ns 400.0 ns 430.0ns  *
s_cntValue <= (others => '0'); Nome ﬁim Lo ; j ; j : :
elsif (enable = 'l') then
( ) m,_ reset BO
s_cntValue <= s_cntValue + 1; | o o  |[AA iy ||
end lf,' m,_ enable BO
end if: 2 b otout  HOO 0o (oijoa ) 03 {oagos oo flon)
’
] Ikl 1l | k||
end process;
0% 00:00:00
cntOut <= std logic vector (s cntValue) ;
- — — b
£
end Behav; i8
21
g%

10




library IEEE;

use IEEE.STD LOGIC 1164.all;
use IEEE.NUMERIC STD.all;

entity BinUDCntEnRst8 is

port (reset
clk
enable
upDown_n
cntOut

Contador Binario
Crescente/Decrescente

architecture Behav of BinUDCntEnRst8 is

begin

signal s_cntValue

unsigned (7 downto 0);

process (clk)

in std logic;
in std logic;
in std logic;
in std logic;
out std logic vector (7 downto 0));

end BinUDCntEnRstS8;

begin

if (rising_edge(clk)) then

if (reset = '1l') then
s_cntValue <= (others => '0');
elsif (enable = 'l') then
if (upDown n = 'l') then

s_cntValue <= s_cntValue + 1;

else
upDown n
reset s_cntValue <= s_cntValue - 1;
? end if;

®© end if;

)

4 E .

5 8 cntOut end if;

s ——— end process;

=

2

@ cntOut <= std logic_vector(s_cntValue) ;
clk end Behav ;

enable

Universidade
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entity BinUCntEnRstLd8 is
port(reset : in std logic;
clk : in std_logic;
enable : in std _logic;
loadEn : in std_logic;

dataIn : in std_logic_vector (7 downto 0);
cntOut : out std logic_vector (7 downto 0));

end BinUCntEnRstLdS8;

architecture Behav of BinUCntEnRstLd8 is
signal s_cntValue : unsigned(7 downto 0);

begin
process (clk)
begin
if (rising_edge(clk)) then
if (reset = 'l') then
s_cntValue <= (others => '0');
elsif (enable = 'l') then
if (loadEn = 'l') then

s_cntValue <= unsigned(dataln);

else
s_cntValue <= s_cntValue + 1;
end if;
end if;
end if;
end process;

cntOut <= std _logic_vector(s_cntValue) ;

end Behav ;

Contador Binario
com Entrada de
Carregamento
Paralelo

Sinais de controlo 1oadEn,
upDown_n e/ou outros podem ser
combinados no mesmo contador
de acordo com a prioridade
relativa pretendida

loadEn
reset i
S
=
dataln K 8 cntOut
- ©& —
8 S
=
£
/\m
clk
enable

=
N
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entity BinUCntEnRstLdN is P t : = d
generic (N : positive := 8); a ra m e rl Za ga O O
port(reset : in std logic; , .

clk : in std_logic; N d B t
enable : in std_logic; u m e rO e I S
loadEn : in std_logic;

dataIn : in std_logic_vector((N-1) downto 0); d O CO nta d O r

cntOut : out std logic_vector((N-1) downto 0));
end BinUCntEnRstLdN;

architecture Behav of BinUCntEnRstLdN is
signal s _cntValue : unsigned((N-1) downto 0);

loadEn begin e16)
process (c
reset l begin
* if (rising edge(clk)) then
% if (reset = '1l') then
o~ s cntValue <= (others => '0');
) —
dataln ¢z | N cntOut elsif (enable = 'l') then
+> '.'.'EJ§ 7;» if (loadEn = 'l') then
N g > s_cntValue <= unsigned(dataln) ;
gv else
/\\ s_cntValue <= s_cntValue + 1;
clk end if;
enable end 1f;
end if;

end process;
cntOut <= std_logic_vector(s_cntValue) ;
end Behav ;

13
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Divisao da Frequéncia de um Sinal de
Reldgio (clock) por 2N

A divisao da
frequéncia de
um sinal de
relogio por
fatores inteiros
“poténcia de
base 2” pode
ser efetuada
por um
contador

£ Simulation Waveform Editor - C:/Users/Arnaldo/Desktop/LSDig/Lectured/Lectured - Lectured - [simulation/... l o | = ﬂh]

Eile Edit Vew Simulaton Help

‘==vj

Search altera.com

B [ED) & & M E T E IR 2 R | R RE 2 (&8

@

14

Master Time Bar: 0 ps E] E] Pointer: 976,58 ns Interval: 976,58 ns Start: End:
Val t 0 ps 160'.0 ns 320 '.D ns 4ED.ID ns 64D.ID ns BDD.ID ns
MName 0ps 0 ps .
m_ reset EO l
n_ ok BO
m_ enable B1
% 4 mout HO 00 X81)02)03X04)05)05 0708 09 0% 08 (0 KODXDE {OF X 10 X114 12K 15
o atOut[7] HO 3
| L ontout[s] HO
L cntOut{5] HO I
L ontout[4] HO
o antOut[3] HO | EREREEEE]
L ntout[Z] HO
i
o atout(1] Ho | | | | | | | | ! L2
e cntQut{d] Ho
| Ll N n L
0% 00:00:00
:F
! -
i
T
=



Divisor (simples) de Frequéncia

A divisao da frequéncia de um sinal
architecture Behavioral of FregDivStatic is

de reldgio por fatores inteiros .
. signal s_counter natural; reset
arbitrarios (K) requer hardware begin v
o H V4 (2]
mais elaborado” (baseado num process (clkIn) £
) clkin k& 2 | clkOut
contador de modulo K) begin £% >
, .. if rising edge (clkI then T &
Exemplo de um médulo divisor de 1f rising_edge(clkin) gy
f .. fi svel if ((reset = 'l') or
requéncia configurave (s counter = }) then
estaticamente (K fixado em compile clkOut <= '0"';
time, aquando da instanciacao com s_counter <= 0;
generic map) else
if (s_counter = ) then

clkOut <= '1"'";

library IEEE;
use IEEE.STD LOGIC 1164.all;
use IEEE.NUMERIC STD.all;

entity FregDivStatic is

generic ( positive := 4);

port(reset : in std logic;
clkIn : in std logic;
clkOut out std logic);

end FreqgDivStatic;

end if;
s_counter <= s_counter + 1;

end if;
end if;
end process;
end Behavioral;
Contador free running de médulo K
clkOut <= ‘1’ a “meio” da contagem

clkOut <= ‘0’ no final da contagem

=
(92

Universidade
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Simulacao do Div. (Simples) de Freq.

fcIkOut E
Duty cycle?

process (clkIn)
begin
if rising edge(clkIn) then
if ((reset = '1l') or
(s_counter = © - 1)) then
clkOut <= '0";

Vamos assumir
que f , = 50 MHz

n[E] e S ENEERERE R

File

Edit View Simulaton Help 57

o2 7 [l B

Search altera.com 0

e e (1 [>] o [17or

| Interval: |21.?6 ns

| start: |

| End: | |

s_counter <= 0; \ Ops  20.0ns  40.0ns  &0.0nms  80.0ns  100.0ns  120.0ms  140.0ns  160.0nms
. h h h h \ \ \ \
else Sl -
. I cdkn BO . N __
if (s counter = K/2 - 1) - — —— i~
— =% I s_counter S50 [ U A A
clkOut <= '1l'; %% ckout  BO
end if ; < ||« > v
s counter <= s counter + 1\ tep  OOAEEE
end if;
end if;
end process;
Fle Edit View Smulaton Help 5 O
U [E] 0 Z T NE B E B R e 2 [
Master Time Bar: EI m Pointer: ‘6?.64 ns \I.nberva\: |6?.64 ns | Start: | | End: | ‘
\
y Value at 0ps ZJ.EJ n\ 40‘? ns 50.? ns \? ns 100.‘0 ns lZJ.IO ns 140.|0 ns ].GO.IO ns 180.|0 ns 200.|0 n"
lame 0ps bps \ \
I T
K_ 5 5_ dkIn B0 s_ L
- |g [ s_counter UD b 0 4
? ot dkout  BO
fcIkOut :
Duty cycle? - e —
0%  00:00:00 .

16



ccccc

Divisor de Frequéncia Sintetizado

process (clkIn)

e TPC begig rising_edge (clkIn) then
— Analise do + ‘Eifiiﬁnie;i’ "> 1)) then
circuito :itgzzter pu o0
resultante da — (s_counter = ) then
sintese do cnaitlE Y
modelo em VHDL endSI?;)unter <= s_counter + 1;
end if;

end process;

d0 s_counter~[30_.0]
0.0 0
31h0 1

Universidade
de Avairo
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Divisor de Frequéncia Programavel
Dinamicamente (Entidade)

 Exemplo de um moddulo divisor de frequéncia programavel /
configurdvel dinamicamente (em runtime através do porto
divFactor)

reset
library IEEE; =
(o]
IEEE.STD LOGIC 1l1l64.all; . - >
use STD_LOGIC_l1164.a divFactor °>- = | clkOut
use IEEE.NUMERIC STD.all; ﬂLy i
N o
)
- Z
entity FregDivProg is L
generic (! : positive := 3); clkin
port (reset : in std logic;
divFactor : in std logic vector (N-1 downto 0);
clkIn : in std_logic; O numero de bits “N” do fator de
clkOut : out std_logic); divisdo é fixado estaticamente

End FreqDivProg;
O valor do fator de divisao é definido dinamicamente

Universidade

18



Div. de Freq. Programavel Dinamicamente
(Arquitetura)

0 0.0
Value at - P
Ops 0 ps

reset BO J_I—
okn so(LTITLTLTULHL
> HO Y CY €Y EY E)

4 divFactor H4 4

MName

architecture Behavioral of FreqDivProg is

=3 I\H:l

signal s divCounter : unsigned( downto 0);

Lk

begin

¥

v

process (clkIn) divFactor2] H1

v

divFactor[1] HO

begin

v

divFactor[0] HO

it dkout BO

if (rising edge(clkIn)) then

Lo

if ((reset = '1l') or . r
(s_divCounter >= unsigned(divFactor) - 1)) then
clkOut <= '0";
s_divCounter <= (others => '0');
else

if (s _divCounter = (unsigned(divFactor)/2 - 1)) then
clkOut <= '1';

reset
end if; ¥
s_divCounter <= s divCounter + 1; =
. 30
end 1f; divFactor | & = | clkOut
end if; Descricao semelhante ao #» 29—
’ ; i N oo
end process; FregDivStatic, masem que o fator o
14 e e o~ 5 > . w ~ ig
end Behavioral; de divisao é programavel em run-time clkin | i

=
O



Divisor de Frequéncia (Simulacao)

g; Simulation Waveform Editor - C:/Users/Amaldo/Desktop/LSDig/Lectured/Lectured - Lectured - [simulation/gsim/Lectured.sim.vwf (Read-Only)] [ = ihj

File Edit Wiew Simulaton Help = Search altera.com @
b [ % & &N Z T HE W ICIE ZE K2R 2 ([E)RY
Master Time Bar: 0 ps E E] Pointer: 829.14ns Interval: 829.14ns Start: 0 ps End: 1.0us
0 ps 80.0ns 160.0 ns 290.0 ng 320.0ng 400.0 ns 430.0 ns 560.0 ns
Mame Value at i | ; A | : :
0ps 0 ps
o reset B0 I_ N
in_ dkIn BO | !
PN svconer I v OGa880868680868680080806800086868000¢(E
By 4 divFactor H4 4 A 8 X
g divFactor[2] H 1
| [in_ divFactor[1] HO | i |
in_ divFactor[d] HO [
o dkOut BO
4 BA | 1] [ -
0% 00:00:00
reset
5%
. divF L= kO
divFactor “par” —> Duty cycle = 50% — 2
o .
£2 i
olkin £
T
=

20



Divisor de Frequéncia (Simulacao)

reset

gg Simulation Waveform Editor - C/Users/Amaldo/Desktop/LSDigflectured/Lectured - Lectured - [simulatiﬂnquimf...l =N ﬁJ

4
. ° S
d|vFgctor ﬂ>- =
-
Qo
N o Q
2=
m N

clkin |

Fle Edit View GSmulaton Help 5 Search altera.com '{9
v () & & A Z T E B CE 2 )R el A (=B
Master Time Bar: 0 ps E E] Pointer: 742.6 ns Interval: 742.6 ns Start: 0ps End: 1.0us
0 ns 640.0 ns 720.0ns 800.0 ns 380.0 ns 960.0 ns it
Name Value at | | i , :
0ps
ln,_ reset BO
i
N dkn BO 111 | 1] BERR |
N
5 © sdvConter  HO S08680006868000868680086000:
e 4 divFactor H4 A > j 1
n_ divFactor[Z] H 1 I
N |in divFactor[1] HO ] |
in_ divFactor[d] HO
Ut dkout BO | | | |
d b [ I} [+ -
0% 00:00:00
clkOut
—»

divFactor “impar” —> Duty cycle # 50%

N
[EY
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Temporizador
(Exemplo de Comportamento e Simulacao)

* Um temporizador € um modulo usado para medir tempo, ou para gerar um evento
apos ter decorrido um dado intervalo de tempo (depois do temporizador ter sido

iniciado/disparado)
* Exemplo em que a saida (“timerOut”) é ativada durante 1T, apds um intervalo de
tempo predefinido (4T) depois do disparo da entrada (“start”)

) Simulation Waveform Editor - C;/Users/asroliveira/CloudStation/LSDig2016/Projects/Timer/TimerDemo - Tii

File Edit M\iew  Simulation Help L

k(@ %0 NI E W NCE Z R Y eE A

Master Time Bar: |0 ps 4 » | Pointer: | 368.94 ns Interval: | 368.94 ns
v Ops 40.0 nz 80.0 ns 120.0 ns 160.0 ns 200.0 ne 240.0 ns 280.0 ns 320.0 ns 360.0 ne 400.0 ns 440.0 ns 4800 ns 520.0 ns
Hame ED|IJpEEEt 5 os 1 | | 1 1 | | 1 1 1 | | 1

B ck BO

iﬁ_ enable BO

iﬁ_ reset BO

& st B0 11 1 11

- timerOut B0

<
4T +1 4T +1 4T +1

T = periodo do sinal de reldgio

N
N
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TPC: Desenvolver um novo temporizador em que a
saida é ativada apds o disparo do temporizador e
desativada apods ter decorrido o intervalo de tempo

Temporizador

(Exemplo de Implementacao em VHDL)

architecture Behavioral of TimerOnDelay is

library ieee;
use ieee.std logic 1164.all;

entity TimerOnDelay is

generic (K : positive := 5);

port(clk : in std_logic;
reset : in std_logic;
enable : in std_logic;
start : in std_logic;
timerOut : out std _logic);

end TimerOnDelay;

start
reset

i

timerOut
- >

Timer
(K:positive)

clk
enable

signal s_count

begin

integer := 0;

[ assert (K >= 2);

process (clk)

begin

if (rising_edge(clk)) then

Inicializagao

( if (reset = 'l') then

timerOut <= '0';
s_count <= 0;

Teste do sinal “enable”

elsif (enable = 'l') then

if (s_count = 0) then

Detecdao de um novo disparo

if (start = 'l') then
s_count <= s_count + 1;
end if;

|
| Se contador parado
l

Desativacao da saida

timerOut <= '0';

else

Vs
Detecgao do final de contagem

e ativagdo da saida
N

if (s_count = (K - 1)) then
timerOut <= '1l"';
s_count <= 0;

Incremento do contador
“a meio” da contagem

else
timerOut <= '0';
s_count <= s _count + 1;

KT (com K programavel dinamicamente)

. N end if;
A\ end if;
end if;
end if;
end process;
J end Behavioral;

N
w

K deve ser > 2. Porqué? |

Universidade
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Temporizador procers (o

if (rising_edge(clk)) then
° ° if (reset = 'l') then
Sintetizado
s_count <= 0;
elsif (enable = 'l') then
if (s_count = 0) then
o TPC if (start = '1l') then

s_count <= s_count + 1;

7 Qe . . end if;
— Analise do circuito

timerOut <= '0';
else

resultante da sintese Lf (s_count = (K - 1)) then

timerOut <= '1"';

do modelo em VHDL o_count <= 0;

else
timerOut <= '0';

s_count <= s_count + 1;
end if;
end if;
end if;
£xuat

—— ;‘wi end if;
end process;
| = _count-[31 9]
gy P50 1
7hi = OUTES1.0)
s _count~[83..32]
M0 ;

=_count[31..0]

ok [

enable [

1
ls_count-[155..128] |
2
300 4




Estrutura Geral de um Processo VHDL
de um Temporizador

process (clk)
Tipos de temporizadores: begin
e Atraso “a operacao”

— Saida ativada apés Se o0 sinal de reset estiver ativo

decorrido um tempo Desativa saida
predefinido Coloca contador a 0
e Atraso “a desoperagéo” Sendo, se o sinal de enable estiver ativo
— Saida desativada apo’s Se o temporizador estiver parado (contador = 0)
decorrido um tempo Se a entrada start estiver ativa
predefinido Desativa a saida / Ativa a saida
start Incrementa o contador
reset Sendo
i Desativa a saida
- timerOut Sendo (contador /= 0)
s > Se o contador tiver atingido o valor maximo (K-1)
QE"% clk Ativa a saida / Desativa a saida
[ 8_ Coloca contador a 0
g start J_‘ Senéo
N\ timerOut Atraso 4 operago J_l_ Desativa a saida / Ativa a saida
clk ~ = Incrementa o contador
enapole

timerOut | Atraso adesoperagéoJ
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Comentarios Finais

Todos os modelos apresentados podem ser usados da forma fornecida
(mdédulo auténomo reutilizavel com Entity + Architecture), ou,
alternativamente, o processo que descreve a funcionalidade pode
também ser integrado em maddulos (arquiteturas) mais complexos com
outros processos, instanciacées de componentes e/ou atribuicoes
concorrentes

No final desta aula e do trabalho pratico 4 de LSD, devera ser capaz de:

— Modelar componentes sequenciais fundamentais em VHDL
* Registos
e Contadores
* Divisores de frequéncia
 Temporizadores

No final do trabalho pratico 5 de LSD, devera ser capaz de:
— Modelar componentes parametrizaveis combinatérios e sequenciais em VHDL

... bons trabalhos praticos 4 e 5, disponiveis no site da UC ©
— elearning.ua.pt
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