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Objetivo Principal

Descrever os fundamentos para a criagao de circuitos combinacionais
l6gicos.

Objetivos Especificos
@ Projeto de Decodificadores de Endereco Genéricos.
@ Projeto de Conversores. Ex.: BCD para SSD.
@ Projeto de Multiplexadores.
@ Projeto de Codificadores.

@ Projeto de Memodrias. Ex.: Meméria ROM e RAM sincronas.
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Decodificadores

@ Circuitos combinatorios.

@ Cada linha de saida sera ativada por uma Unica combinagao das
possiveis entradas.

x y
" ==Y0 000 00000001
vy 001 00000010
X1 £ 010 | 00000100
011 00001000
N 100 00010000
101 00100000
— Y2t 110 | 01000000
111 10000000

Figura 1: Decodificador de Enderego. A Tabela-Verdade para N = 3.
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Decodificador de Enderegco com N = 3 - Codigo em

VHDL
1 e Code for N=3 and WHEN:--------------
2 ENTITY address_decoder IS
3 PORT (x: IN BIT_VECTOR(Z DOWNTO 0);
4 y: OQUT BIT_VECTOR(7 DOWNTO 0));
5 END address_decoder:
6 __________________________________________________
7 ARCHITECTURE address_decoder OF address_decoder IS
8 BEGIN
9 y<="00000001" WHEN x="000" ELSE
10 "00000010" WHEN x="001" ELSE
11 "00000100" WHEN x="010" ELSE
12 "00001000" WHEN x="011" ELSE
13 "00010000" WHEN x="100" ELSE
14 "00100000" WHEN x="101" ELSE
15 "01000000" WHEN x="110" ELSE
16 "10000000";
17 END address_decoder:
18 ~mmmmmm oo

Figura 2: Cédigo do Decodificador com N = 3.
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Decodificador de Enderegco com N = 3 - Codigo em

VHDL

@ Ainstrugdo corrente, WHEN, foi empregada para implementar o
circuito (linhas 9-16).

@ Essa solugao nao é pratica porque o codigo cresce com N.
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Decodificador Genérico - Cédigo em VHDL

1 --------- Code for arbitrary N: ------------------

2 ENTITY address_decoder IS

3 GENERIC (N: INTEGER:=3); --can be any value

4 PORT (x: IN INTEGER RANGE 0 TOQ 2**N-1;

5 y: OUT BIT_VECTOR(Z2**N-1 DOWNTO 0)):

6 END address_decoder;

7 __________________________________________________
8 ARCHITECTURE address_decoder OF address_decoder IS
9 BEGIN

10 gen: FOR i IN x'RANGE GENERATE

11 y(i)<="1" WHEN i=x ELSE '0';

12 END GENERATE;

13 END address_decoder;

14 ~ - mmmmmm s

Figura 3: Cédigo do Decodificador Genérico.
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Decodificador Genérico - Cédigo em VHDL

@ O tamanho do cdodigo é fixo, independentemente do valor de N.

@ Neste caso, x foi declarado como INTEGER e€ a instrugao
GENERATE foi empregada em combinagao com WHEN para criar
2V instancias de y.
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Funcao Conversora de BCD para SSD

@ Criar um circuito conversor BCD (binary-coded decimal) de 4 bits
em SSD (seven-segment display) de 7 bits.

@ Construgao e uso de fungodes.

é Input(3:0) decimal output(6:0) decimal

f' 'b 0000 0 1111110 126
R 0001 1 0110000 48

e' 'C 0010 2 1101101109
0011 3 1111001121

. 0100 4 0110011 51
0101 5 1011011 91

0110 6 1011111 95

0111 7 1110000 112

input sl ngr;xfio b itk 1000 8 1111 127
4 - 1001 9 111011 123

others  10-15 don't care

Figura 4: Conversor de BCD para SSD.
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Conversor de BCD para SSD - Cédigo em VHDL

------------------- Package: ---------esiimiiio i
2  PACKAGE my_functions IS
3 FUNCTION bcd_to_ssd (SIGNAL input: INTEGER) RETURN BIT_VECTOR:
4 END my_functions;
5 _____________________________________________________________________
6 PACKAGE BODY my_functions IS
7 FUNCTION bed_to_ssd (SIGNAL input: INTEGER) RETURM BIT_VECTOR 1S
8 VARIABLE output: BIT_VECTOR(& DOWNTO 0);
9 BEGIN
10 CASE input IS
11 WHEN O=>output:="1111110": --decimal 126
12 WHEN 1=>output:="0110000"; --decimal 48
13 WHEN 2=>output:="1101101"; --decimal 109
14 WHEN 3=>output:="1111001"; --decimal 121
15 WHEN 4=>output:="0110011"; --decimal 51
16 WHEN 5=>output:="1011011"; --decimal 81
17 WHEN &=>output:="1011111"; --decimal 95
18 WHEN 7=>output:="1110000"; --decimal 112
19 WHEN 8=>output:="1111111"; --decimal 127
20 WHEN 8=>output:="1111011": --decimal 123
21 WHEN OTHERS=>output:="1001111";
22 --letter “"E" (Error) -> decimal 79
23 END CASE;
24 RETURN output;
25h END becd_to_ssd;
26 END my_functions;
27 et eeeeeiaoiiiieiiaoaaoos

Figura 5: Cédigo do Conversor de BCD para SSD.
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Conversor de BCD para SSD - Cédigo em VHDL

1 ------ Main code: ----=------=----"--"-"------"--"--~--------
2 USE work.my_functions.all;
ENTITY bcd_to_ssd_converter IS

PORT (x: IN INTEGER RANGE 0 TO 9;

y: OUT BIT_VECTOR(6 DOWNTO 0));

END bcd_to_ssd_converter;
8 _______________________________________________________
9 ARCHITECTURE decoder OF bcd_to_ssd_converter IS
10 BEGIN
11 y<=bcd_to_ssd(x);
12 END decoder;
13 mmmmm oo

w

~N o o=~

Figura 6: Cddigo Principal do Conversor de BCD para SSD.
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Multiplexador Genérico

@ Tipo de circuito combinacional dedicado que possui diversas
entradas e uma Unica saida, e variaveis de selegao que permitem
conectar uma das entradas a saida.

@ Um ndmero arbitrario de entradas (M) e bits por entrada (N). Sao
necessarios log, M bits na porta de selecao de entrada (sel).

%(0) x(0, N-1) ’ x(0,0) | —> y(0)
x(1) x(1. N-1) : x(1,0) | — y(1)
x(2, N-1) 3 X(2,0) | —> ¥(2)
x(M-1)
x(M-1, N-1) g x(M-1,0) | — y(M-1)
(a) (b)

Figura 7: Multiplexador de Tamanho Arbitrario.
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Multiplexador Genérico - Cédigo em VHDL

1 ------ Package: --------------ooiio oo
2 PACKAGE my_data_types IS

3 TYPE matrix IS ARRAY (NATURAL RANGE <>, NATURAL RANGE <>) OF BIT;
4 END PACKAGE my_data_types;

5 ______________________________________________________________________
1 ------- Main code: ---------------"---------------------------

2 USE work.my_data_types.all;

3 _____________________________________________________________

4 ENTITY generic_mux IS

5 GENERIC (M: INTEGER:=4; --number of inputs

6 N: INTEGER:=3); --number of bits per input

7 PORT (x: IN matrix (0 TO M-1, N-1 DOWNTO 0);

8 sel: IN INTEGER RANGE 0 TO M-1;

9 y: OUT BIT_VECTOR (N-1 DOWNTO 0));

10 END generic_mux;

L e

12 ARCHITECTURE arch OF generic_mux IS

13 BEGIN

14 gen: FOR i IN N-1 DOWNTO O GENERATE

15 y(i)<=x(sel, i);

16 END GENERATE gen;

17 END arch;
B

Figura 8: Cédigo do Multiplexador Genérico.
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Codificador de Prioridade Genérico

@ Um codificador de prioridade é um circuito que representa nas
saidas, o cédigo binario do nimero da entrada ativa com maior
prioridade.

@ Um codificador de prioridade com 2" entradas tem N variaveis de
saida.
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Codificador de Prioridade Genérico - Codigo em

VHDL

2 ENTITY priority_encoder IS

3 GENERIC (N: INTEGER:=7); --number of inputs
4 PORT (x: IN BIT_VECTOR(N DOWNTO 1);

5 y: OUT INTEGER RANGE 0 TO N);

6 END priority_encoder;

7 ____________________________________________________
8 ARCHITECTURE priority_encoder OF priority_encoder IS
9 BEGIN

10 PROCESS (x)

11 VARIABLE temp: INTEGER RANGE 0 TO N;

12 BEGIN

13 FOR i IN x'RANGE LOOP

14 IF (x(i)="1") THEN

15 temp:=1i;

16 EXIT;

17 ELSE

18 temp:=0;

19 END IF;

20 END LOOP;

21 y<=temp;

22 END PROCESS;

23 END priority_encoder;

24 e oooooooooooooooooooooo

Figura 9: Cédigo do Codificador de Prioridade Genérico.
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Memoadria ROM

@ Normalmente implementado usando células l6gicas regulares em
CPLDs.

@ O modelo lookup tables (LUT), em FPGA, pode ser empregado
tendo address como a Unica entrada e data como a Unica saida.

2" N-bit words Address Stored word
0000 (0) | 1111110 (126)
0001 (1) | 0110000 (8)
0010 (2) 1101101 _ (109)
, ‘ 0011 (3) 1111001 __ (121)
address s ‘ ‘ - data 0100 (4) | 0110011 (51)
11710 0101__(5) | 1011011 @1
‘ ; 0110 (6) | 1011111 (95)
1 ; 0111 (7) 1110000 (112)
[[1[o]o]o]0] 1000 (8) | 1111111 (127)
(a) (b) 001 _(9) 1111011 (123)

Figura 10: (a) Arquitetura ROM. (b) Exemplo de ROM, a qual converte BCD
para SSD.
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Memoria ROM - Codigo VHDL

2 ENTITY memoryl IS

3 PORT (address: IN INTEGER RANGE 0 TO 9;
4 data: OUT BIT_VECTOR(6 DOWNTO 0));
5 END memoryl;

6 ____________________________________________________________
7 ARCHITECTURE memoryl OF memoryl IS

8 TYPE memory IS ARRAY (0 TO 9) OF BIT_VECTOR(6 DOWNTO 0);
9 CONSTANT rom: memory :=(

10 "1111110",

11 "0110000",

12 "1101101",

13 "1111001",

14 "0110011",

15 "1011011",

16 "1011111",

17 "1110000",

18 "1111111",

19 "1111011");

20 BEGIN

21 data<=rom(address);

22 END memoryl;

P T i

Figura 11: Codigo memdéria ROM.
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Memoria ROM - Codigo VHDL

1 ------- Package: ------------------oi oo
2 PACKAGE my_package IS

3 FUNCTION bcd_to_ssd (SIGNAL bcd: INTEGER) RETURN BIT_VECTOR;
4 END my_package;

5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
6 PACKAGE BODY my_package IS

7 FUNCTION bcd_to_ssd (SIGNAL bcd: INTEGER) RETURN BIT_VECTOR IS
8 TYPE memory IS ARRAY (0 TO 9) OF BIT_VECTOR(6 DOWNTO 0);
9 CONSTANT rom: memory :=(

10 "1111110",

11 "0110000",

12 "1101101",

13 "1111001",

14 "0110011",

15 "1011011",

16 "1011111",

17 "1110000",

18 "1111111",

19 "1111011");

20 BEGIN

21 RETURN rom(bcd);

22 END bcd_to_ssd;

23 END my_package;

B il

Figura 12: Codigo Meméria ROM - Solugao com FUNCTION.
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Memoria ROM - Codigo VHDL

1 ------ Main code: ---------------------ooo oo
2 USE work.my_package.all;

3 ___________________________________________________________________
4 ENTITY ssd_driver IS

5 PORT (bcd: IN INTEGER RANGE O TO 9;

6 ssd: OUT BIT_VECTOR(6 DOWNTO 0));

7 END ssd_driver;

8 ___________________________________________________________________
9 ARCHITECTURE ssd_driver OF ssd_driver IS

10 BEGIN

11 ssd<=bcd_to_ssd(bcd);

12 END ssd_driver;

L i

Figura 13: Codigo Meméria ROM - Solugao com FUNCTION.
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Memorias RAM sincronas

@ Memoria RAM sincrona com barramentos de I/O separados.
@ Memoria RAM sincrona com barramento de 1/O dnico.

@ Memoria RAM sincrona com barramentos de enderecos R/W e de
I/O separados.
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RAM Sincrona com Barramento de I/O separados

@ Com barramentos para entrada e saida de dados separados.
@ Bits de endereco, M, e de bits de dados, N, de forma que a
memoria contém 2¥ palavras de N bits.

dala_in o=y 2f-' words M S i e data_Oth

|

address

write ————— ena

clk —————

Figura 14: Memoéria RAM sincrona com Barramento de 1/O Separados.

(DEPEL/UFSJ) 20/26



RAM Sincrona com Barramento de I/O separados -

Cédigo em VHDL

LIBRARY ieee;
USE ieee.std_logic_1164.al11;
ENTITY memory2 IS
GENERIC (N: INTEGER:=8; --Width of data bus
M: INTEGER:=4); --Width of address bus
PORT (clk, write: IN STD_LOGIC;
address: IN INTEGER RANGE 0 TO 2**M-1;
data_in: IN STD_LOGIC_VECTOR(N-1 DOWNTO 0);
data_out: OUT STD_LOGIC_VECTOR(N-1 DOWNTO 0));
END memory2;
ARCHITECTURE memory2 OF memory?2 IS
TYPE memory IS ARRAY (0 TO 2**M-1) OF STD_LOGIC_VECTOR(N-1 DOWNTO 0);
SIGNAL ram: memory;
BEGIN
PROCESS (clk)
BEGIN
IF (c1k’EVENT AND clk="1") THEN
IF (write="1") THEN
ram(address)<=data_in;
END IF;
END IF;
END PROCESS;
data_out<=ram(address);
END memory2;

Figura 15: Codigo da RAM Sincrona com Barramento de 1/O separados.
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RAM Sincrona com Barramento de 1/0 Unico

@ Unico barramento para entrada e saida.
@ Uso do buffer de trés estados a fim de desligar a saida quando
dados tém de ser escrita na RAM.

e (Jata

write

clk

1

address

Figura 16: Meméria RAM sincrona com Barramento de 1/0 Unico.
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RAM Sincrona com Barramento de /O Unico - Cédigo

em VHDL

2 LIBRARY ieee;

3 USE ieee.std_logic_1164.al11;

4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
5 ENTITY memory3 IS

6 GENERIC (N: INTEGER:=8; --Width of data bus

7 M: INTEGER:=4); --Width of address bus

8 PORT (clk, write: IN STD_LOGIC;

9 address: IN INTEGER RANGE 0 TO 2**M-1;

10 data: INOUT STD_LOGIC_VECTOR(N-1 DOWNTO 0));

11 END memory3;

12 ~mmmee oo
13 ARCHITECTURE memory3 OF memory3 IS

14 TYPE memory IS ARRAY (0 TO 2**M-1) OF

15 STD_LOGIC_VECTOR(N-1 DOWNTO 0);

16 SIGNAL ram: memory;

17 BEGIN

18 PROCESS (c1k)

19 BEGIN

20 IF (c1k’EVENT AND clk="1") THEN

21 IF (write="1") THEN

22 ram(address)<=data;

23 END IF;

24 END IF;

25 END PROCESS;

26 data<=ram(address) WHEN write="'0" ELSE (OTHERS=>'Z");
27 END memory3;

P2 B

Figura 17: Cédigo RAM Sincrona com Barramento de 1/0 Unico.
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RAM Sincrona com Barramento de Enderecos R/W e

de I/O Separados

@ RAM com barramento separados para dados e enderecos.
@ Leitura e escrita (R/W).
@ Operacdes de leitura e escrita podem ser executadas

independentes.
g ram( )
data_in e 2" words 1 word p== data_out
write ena ena
clk1
Wr_address s '7
LT p— e

Figura 18: Memoéria RAM Sincrona com Barramento de Enderegos R/W e I/O

Separados
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RAM Sincrona com Barramento de Enderecos R/W e

de I/O Separados - Cédigo em VHDL

LIBRARY ieee;
USE ieee.std_logic_1164.al

GENERIC (N: INTEGER:=8; --Width of data bus
M: INTEGER:=4); --Width of address bus
PORT (clkl, clk2, write: IN STD_LOGIC;
rd_address: IN INTEGER RANGE 0 TO 2**M-

1
2
3
4
5 ENTITY memoryd IS
6
7
8
9

10 wr_address: IN INTEGER RANGE 0 TO 2%*M-

11 data_in: IN STD_LOGIC_VECTOR(N-1 DONTO 0);

12 data_out: OUT STD_LOGIC_VECTOR(N-1 DOWNTO 0));
13 END memoryé;

14 <ol

15 ARCHITECTURE memory4 OF memory4 IS
16 TYPE memory IS ARRAY (0 TO 2**M-1) OF

17 STD_LOGIC_VECTOR(N-1 DOWNTO 0);
18 SIGNAL ram: memory;

19 BEGIN

20 PROCESS (c1k1)

21 BEGIN

22 IF (cTk1"EVENT AND clkl="1") THEN
23 IF (write="1") THEN

24 ram(wr_address)<=data_in;
25 END IF;

26 END IF;

27 END PROCESS:
28 PROCESS (c1k2)

29 BEGI

30 IF (cTk2”EVENT AND clk2="1") THEN
31 data_out<=ram(rd_address);
32 END IF;

33 END PROCESS;
34 END memory4;

Figura 19: Cédigo da RAM Sincrona com Barramento de Enderegos R/W e
1/O Separados
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