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Latches, Flip-flops € Registradores em VHDL
P Os Operadores em VHDL

Operator Class | Operator

Highest precedence || Miscellanecus | **, ABS, NOT
Multiplying *, /, MOD, REM

Sign +, —
Adding +, — &
Shift SLL, SRL, SLA, SRA, ROL, ROR
Relaticnal =, /=, <, <=, >, >=
Lowest precedence | Logical AND, OR, NAND, NOR, XOR, XNOR
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Latches, Flip-flops € Registradores em VHDL

D LatCh D (ativado por nivel logico alto)

LIBRARY ieee;
USE ieee.std_logic_1164.all; — D Q

ENTITY latchD IS k|
PORT (D, clk : IN STD_LOGIC;

Q:  OUTSTD_LOGIC);
END latchD;

ARCHITECTURE comportamento OF latchD IS
BEGIN .
PROCESS (D, clk) 0
BEGIN
IF clk = ‘1’ THEN 1
Q <=D; 1 1 1
END IF;
END PROCESS;
END comportamento;

Rl

Qi
Q

o X | O
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Latches, Flip-flops € Registradores em VHDL

D Fllp-flop D (disparado pela borda ascendente)

LIBRARY ieee;
USE ieee.std_logic_1164.all; — D Q[
ENTITY £fD IS ck —pC QI
PORT (D, clk : IN STD_LOGIC;
Q: OUT STD_LOGIC);
END ffD;
( Qi
ARCHITECTURE comportamento OF ffD IS 1 ox 9
BEGIN t
PROCESS (clk) | 0 0
BEGIN ? 1 1
IF clK’EVENT AND clk = ‘1’ THEN
Q <=D;
END IF; Atributo: refere-se a
END PROCESS; troca de nivel de clk
END comportamento;
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Latches, Flip-flops € Registradores em VHDL

D Fli p-ﬂOp D (disparado pela borda ascendente) - Versao 2

LIBRARY ieee;
USE ieee.std_logic_1164.all; — D Q

=)

ENTITY £fD IS clk ——pC
PORT (D, clk : IN STD_LOGIC;

Q: OUTSTD_LOGIC);
END ffD;

ARCHITECTURE comportamento OF ffD IS A lista de sensibilizacio é

BEGIN 4  omitida
PROCESS

BEGIN
AIT TIL cl’EVENT AND clk = “1’;
(V)V s L lCEVER ¢ O Uso de WAIT UNTIL
END PRO,CESS- especifica implicitamente que
lista de sensibilizacao
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Latches, Flip-flops € Registradores em VHDL
> WAIT UNTIL

» Para efeitos de sintese de circuitos, WAIT UNTIL somente pode
ser usado se ele for a primeira atribuicao do processo

 Na verdade, ‘EVENT ¢ redundante no comando WAIT UNTIL
e portanto poderiamos simplificar para

WAIT UNTIL clk=*1’;
0 que se refere ao sinal clk se tornar igual a “1”

* Entretanto, algumas ferramentas de sintese de circuitos a partir
de VHDL exigem a inclusao do atributo “EVENT”
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Latches, Flip-flops € Registradores em VHDL

D Fli p-flop D (com reset assincrono ativado com logica negada)

LIBRARY ieee;

USE ieee.std_logic_1164.all;
ENTITY ffD IS
PORT ( D, Resetn, clk : IN STD_LOGIC; clk DC Q
Q: OUT STD_LOGIC); Clear
END ffD;
ARCHITECTURE comportamento OF ffD IS ?
BEGIN Resetn
PROCESS (Resetn, clk)
BEGIN

IF Resetn = ‘0’ THEN Pm,nelro testa ’se (? reset o
Q<=0’; assincrono esta ativado (pois ¢

um sinal de mais alta hierarquia)
ELSIF clK’EVENT AND clk = ‘1’ THEN
Q<=D;
END IF;
END PROCESS;
END comportamento;
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Latches, Flip-flops € Registradores em VHDL

D Fli p-flop D (com reset sincrono ativado com logica negada)

LIBRARY ieee;

USE ieee.std_logic_1164.all;
clear
D o
ENTITY ffD IS

PORT (D, clear, clk : IN STD_LOGIC;
Q: OUT STD_LOGIC);
END ffD;

clk

ARCHITECTURE comportamento OF ffD IS
BEGIN

PROCESS (clk)

BEGIN

IF clIK’EVENT AND clk = ‘1’ THEN . N , .
IF clear = ‘0’ THEN A ativacao do reset esta condicionada

Q<=°0; ao sinal clk estar passando pela borda

Elésilj b ascendente (ou seja, este sinal €

END IF; sincrono)
END PROCESS;
END comportamento;
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Latches, Flip-flops € Registradores em VHDL

D Registradores
Usando explicitamente flip-flops do tipo D

D3 D2 Dl DO

clk

Q3 Q2 Ql Qo

Uma abordagem possivel para se descrever um registrador de varios
bits € criar uma entidade que instancia flip-flops na quantidade
desejada. Vejamos...

INE/CTC/UFSC slide 4P.9 Prof. José Luis Gilintzel
Sistemas Digitais - semestre 2007/2



Latches, Flip-flops € Registradores em VHDL

D Reg Istradores (usando explicitamente flip-flops do tipo D)

LIBRARY ieee;
USE ieee.std_logic_1164.all; —D Q

=)

ENTITY ffD IS clk —PC
PORT (D, clk : IN STD_LOGIC;

Q: OUT STD_LOGIC);
END ffD;

ARCHITECTURE comportamento OF ffD IS
BEGIN
PROCESS (clk)
BEGIN
IF cI’EVENT AND clk = ‘1’ THEN
Q<=D;
END IF;
END PROCESS;
END comportamento;
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Latches, Flip-flops € Registradores em VHDL

D Registrador de 4 bits (com fiip-flops do tipo D)

LIBRARY ieee;

USE ieee.std_logic_1164.all; L {p o L {p o L1{p o L1{p o
3 2 1 0
ENTITY regdb IS e EW e EW 1 EW 1 o
PORT (clk : IN STD_LOGIC; | | |
D: INSTD_LOGIC_VECTOR (3 DOWNTO 0); o @ o o
Q: OUT STD_LOGIC_VECTOR (3 DOWNTO 0));

END regdb;
ARCHITECTURE estrutura OF regdb IS
COMPONENT f{fD

PORT (D, clk : IN STD_LOGIC; Q : OUT STD_LOGIC);
END COMPONENT;

DO

BEGIN
ffDO: ffD PORT MAP (D(0), clk, Q(0));
ffD1: ffD PORT MAP (D(1), clk, Q(1));
ffD2: ffD PORT MAP (D(2), clk, Q(2));
ffD3: ffD PORT MAP (D(3), clk, Q(3));
END estrutura;
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Latches, Flip-flops € Registradores em VHDL

D RegiStrador de 4 bits (versio nao hierarquica)

LIBRARY ieee;

USE ieee.std_logic_1164.all; L 1

ENTITY reg4b IS

clk

DO

PORT (clk : IN STD_LOGIC;
D: INSTD_LOGIC_VECTOR (3 DOWNTO 0);
Q: OUTSTD_LOGIC_VECTOR (3 DOWNTO 0));
END reg4b;

ARCHITECTURE comportamento OF regdb IS
BEGIN
PROCESS (clk)
BEGIN
IF cl’EVENT AND clk = ‘1’ THEN
Q<=D;
END IF;
END PROCESS;
END comportamento;
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Latches, Flip-flops € Registradores em VHDL

D Reg iIstrador de 4 bits (versiao com reset assincrono)

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY regdb IS
PORT ( Resetn, clk : IN STD_LOGIC;
D: INSTD_LOGIC_VECTOR (3 DOWNTO 0);
Q: OUTSTD_LOGIC_VECTOR (3 DOWNTO 0));
END regdb;

ARCHITECTURE comportamento OF reg4b IS
BEGIN
PROCESS (cIk)
BEGIN
IF Resetn = ‘0’ THEN
Q <=40000”;
ELSIF clk’EVENT AND clk = ‘1’ THEN
Q<=D;
END IF;
END PROCESS;
END comportamento;
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Latches, Flip-flops € Registradores em VHDL

D Reg iIstrador de 4 bits (versao nao hierarquica com carga)

LIBRARY ieee;
USE ieee.std_logic_1164.all;
D D

ENTITY regdb IS

PORT ( clk, carga : IN STD_LOGIC; carga Pc Q
D: IN STD_LOGIC_VECTOR (3 DOWNTO 0);

Q: OUT STD_LOGIC_VECTOR (3 DOWNTO 0)); clk
END regdb;

ARCHITECTURE comportamento OF regdb IS Q
BEGIN
PROCESS (clk)
BEGIN
IF cIK’EVENT AND clk = ‘1’ THEN
IF carga=‘1’ THEN
Q<=D;
END IF;
END IF;
END PROCESS;
END comportamento;
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Latches, Flip-flops € Registradores em VHDL

D Reg iIstrador de 32 bitS (versao nao hierarquica, ¢/ carga)

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY reg32b IS
PORT ( clk, carga : IN STD_LOGIC;
D: IN STD_LOGIC_VECTOR (31 DOWNTO 0);
Q: OUT STD_LOGIC_VECTOR (31 DOWNTO 0));
END reg32b;

ARCHITECTURE comportamento OF reg32b IS
BEGIN
PROCESS (clk)
BEGIN
IF cI’EVENT AND clk = ‘1’ THEN
IF carga=‘1’ THEN
Q <=D;
END IF;
END IF;
END PROCESS;
END comportamento;
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Latches, Flip-flops € Registradores em VHDL

D Generalizando para N bits

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY regn IS
GENERIC (N : INTEGER :=16 );
PORT ( Resetn, clk, carga : IN STD_LOGIC;

D: IN STD_LOGIC_VECTOR (N-1 DOWNTO 0);
Q: OUT STD_LOGIC_VECTOR (N-1 DOWNTO 0));
END regn;
ARCHITECTURE comportamento OF regn IS
BEGIN
PROCESS (clk)
BEGIN

IF Resetn = ‘0’ THEN
Q <= (OTHERS => ‘0’ );

ELSIF clk’ EVENT AND clk = ‘1’ THEN
IF carga=‘1" THEN

Q <=D;

END IF;

END IF;

END PROCESS;
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Latches, Flip-flops € Registradores em VHDL

D Experimento 1

Descrever em VHDL, sintetizar e simular para FPGAs Stratix o
seguinte registrador:

D3 D2 DI DO

a D Q ? D Q b ‘D Q b D Q
3 2 1 0o
Pc 0
carga |7
CK ,

Q3 Q2 Ql Q0

Usar hierarquia e acrescentar um reset assincrono ativado col 1ogica direta.
Levantar as seguintes informacgoes:
* Numeto de LEs

« Caracteristicas temporais
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Latches, Flip-flops € Registradores em VHDL

D Registrador-Deslocador

 Uma alternativa para se descrever um registrador-deslocador é
utilizar a hierarquia

* Suponha que se deseje usar o circuito abaixo como componente

basico
0
1 D Q—

sel >C 6
clk J

Entao, descrevendo-o em VHDL...

DO
Dl
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Latches, Flip-flops € Registradores em VHDL

D Registrador-Deslocador (componente basico)

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY muxffd IS

PORT (DO, D1, sel, clk: IN STD_LOGIC;
Q: OUT STD_LOGIC );

END muxffd;

ARCHITECTURE comportamento OF muxffd IS
BEGIN
PROCESS
BEGIN
WAIT UNTIL clkK’EVENT AND clk = ‘1’ ;
IF sel = ‘0’ THEN
Q <=D0;
ELSE
Q <=D1;
END IF;
END PROCESS;
END comportamento;
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Latches, Flip-flops € Registradores em VHDL

D Registrador-Deslocador (e 4 bits, hierirquico)

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY shift4 IS

PORT (R : IN STD_LOGIC_VECTOR(3 DOWNTO 0);
carga, serial, clk : IN STD_LOGIC;
Q : BUFFER STD_LOGIC_VECTORG3 DOWNTO 0) );
END shift4;
ARCHITECTURE estrutura OF shift4 IS
COMPONENT muxffd muxffd
PORT (DO, D1, sel, clk : IN STD_LOGIC;
Q : OUT STD_LOGIC ); DO 0
END COMPONENT; DI i b Q
BEGIN > o~
estagio3: muxffd PORT MAP ( serial, R(3), carga, clk, Q(3) ); sel ¢ Q
estagio2: muxffd PORT MAP ( Q(@3), R(2), carga, clk, Q(2) ); clk
estagiol: muxffd PORT MAP ( Q(2), R(1), carga, clk, Q(1) );
estagio(: muxffd PORT MAP ( Q(1), R(0), carga, clk, Q(0) );
END estrutura;
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Latches, Flip-flops € Registradores em VHDL

D Registrador-Deslocador (e 4 bits, nio hierarquico)

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY shift4 IS

PORT (R : IN STD_LOGIC_VECTOR@G DOWNTO 0);
carga, serial, clk : IN STD_LOGIC;
Q : BUFFER STD_LOGIC_VECTORG DOWNTO 0) );
END shift4;

ARCHITECTURE comportamento OF shift4 IS
BEGIN
PROCESS Do
BEGIN DI D Qr—
WAIT UNTIL clk’EVENT AND clk = ‘1’

IF carga = ‘1’ THEN sel e
Q <= R;
ELSE cli
Q(0) <= Q();
Q) <= Q(2);
Q(2) <= Q@A);
Q(3) <= serial;
END IF;
END PROCESS;
END comportamento;

Rl
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Latches, Flip-flops € Registradores em VHDL

D Registrador-Deslocador (com n bits, niio hierarquico)

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY shiftn IS
GENERIC (N : INTEGER :=8 );

PORT (R : IN STD_LOGIC_VECTOR(N-1 DOWNTO 0);
carga, serial, clk : IN STD_LOGIC;
Q : BUFFER STD_LOGIC_VECTOR(N-1 DOWNTO 0) );
END shiftn;

ARCHITECTURE comportamento OF shiftn IS
BEGIN DO 0
PROCESS DI X D Qr—
BEGIN
WAIT UNTIL clkK’EVENT AND clk = ‘1’ ; sel >C
IF carga = ‘1’ THEN
Q <= R;
ELSE
Genbits: FOR i IN 0 TO N-2 LOOP
Q) <= Q(i+1);
END LOOP;
QN-1) <= w;
END IF;
END PROCESS;
END comportamento;

Rl

clk
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Latches, Flip-flops € Registradores em VHDL

D Experimento 2

Descrever em VHDL, sintetizar e simular para FPGAs Stratix o um
registrador de deslocamento para a direita da transparéncia anterior.

Acrescentar um reset assincrono ativado com logica direta.

Levantar as seguintes informagaoes:
« Numeto de LEs
« Caracteristicas temporais
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Latches, Flip-flops € Registradores em VHDL
D Contador Assincrono (ripple) de 3 bits

Usando flip-flops D — versao 2

CK —pHC Ql—e D C Qe C Q —

limpa | |

Q0 Q1 Q2

* Para descrever este tipo de contador em VHDL usando
hierarquia, iremos instanciar o flip-flop D

* Porém, a descricao do flip-flop D em VHDL deve conter ambas
saidas, Q e NQ
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Latches, Flip-flops € Registradores em VHDL
D Flip-flop D (versio 2)

Com saidas Q e NQ

LIBRARY ieee; D Q[
USE ieee.std_logic_1164.all;

ENTITY ffDv2 IS >C

PORT (D, clk, limpa : IN STD_LOGIC; clear
Q, NQ : OUT STD_LOGIC);

END ffDv2;

ARCHITECTURE comportamento OF ffDv2 IS
BEGIN
PROCESS (clk, limpa)
BEGIN
IF limpa=‘1" THEN
Q<=0; NQ<=°1%
ELSIF clk’EVENT AND clk = ‘1’ THEN
Q<=D; NQ<=notD;
END IF;
END PROCESS;
END comportamento;

]

INE/CTC/UFSC slide 4P.25 Prof. José Luis Gilintzel
Sistemas Digitais - semestre 2007/2



Latches, Flip-flops € Registradores em VHDL
P Contador Assincrono (ripple) de 3 bits

LIBRARY icee: (Usando o flip-flop versao 2)

USE ieee.std_logic_1164.all;

ENTITY cont3b IS

PORT ( clk, limpa : IN STD_LOGIC;
Aout : OUT STD_LOGIC_VECTOR (2 DOWNTO 0));

END cont3b; L D 0 L D 0 L Ny

ARCHITECTURE estrutura OF cont3b IS 0 1 2
CK—PC Q c Q PC Q—

SIGNAL NQO, NQ1, NQ2 : STD_LOGIC; lea clfa clfa

limpa

COMPONENT ffDv2 Q Q Q
PORT (D, clk, limpa: IN STD_LOGIC; Q, NQ : OUT STD_LOGIC); 0 2
END COMPONENT;

—_—

BEGIN
ffDO: ffDv2 PORT MAP (NQO, clk, limpa, Aout(0), NQO);
ffD1: ffDv2 PORT MAP (NQ1, NQO, limpa, Aout(1), NQ1);
ffD2: ffDv2 PORT MAP (NQ2, NQ1, limpa, Aout(2), NQ2);
END estrutura;
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Latches, Flip-flops € Registradores em VHDL
P Contador Assincrono (ripple) de 4 bits

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY contador IS
PORT ( clk, limpa , carga :IN STD_LOGIC;

Q :OUT STD_LOGIC_VECTOR(3 DOWNTO 0) );
END contador ;

ARCHITECTURE comportamento OF contador IS
SIGNAL conta : STD_LOGIC_VECTOR (3 DOWNTO 0) ;
BEGIN
PROCESS (clk, limpa)
BEGIN
IF limpa = ‘0’ THEN
conta <= ‘“0000”’;
ELSIF ( cI’EVENT AND clk = ‘1’ ) THEN
IF carga = ‘1’ THEN
conta <= conta + 1;
ELSE
conta <= conta;
END IF;
END IF;
END PROCESS;
Q <= conta; slide 4P.27 Prof. José Luis Giintzel
END comportamento;



Latches, Flip-flops € Registradores em VHDL

P Contador Assincrono (ripple) de n bits

LIBRARY ieee; s ol . ¢ b2
USE iceestd_logic_1164.ll; (Com carga paralela e usando sinais do tipo ‘‘integer’’)
ENTITY contnb IS
PORT (R : IN INTEGER RANGE 0 TO 15;
clk, limpa, carga :IN STD_LOGIC;
Q : BUFFER INTEGER RANGE 0 TO 15);
END contnb ;
ARCHITECTURE comportamento OF contnb IS
BEGIN
PROCESS (clk, limpa)
BEGIN
IF limpa = ‘0’ THEN
Q<=0;

ELSIF ( cl’EVENT AND clk = ‘1’ ) THEN
IF carga = ‘1’ THEN
Q <= R;
ELSE
Q<=0Q+1;
END IF;
END IF;
END PROCESS;
END comportamento; slide 4P.28 Prof. José Luis Giintzel



Latches, Flip-flops € Registradores em VHDL

D Experimento 3

Descrever em VHDL, sintetizar e simular para FPGAs Stratix o um
registrador contador da transparéncia anterior.

Levantar as seguintes informagaoes:
« Numeto de LEs
« Caracteristicas temporais
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