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Modelos de interfaz

=/~ < Manejo de los exhibidores de 7 segmentos

# Manejo de la pantalla VGA 1

b . = Manejo de la pantalla VGA 2




Exhibidores de 7 segmentos




Caracteristicas generales

/> < Segmentos comunes

2 Anodos multiplexados

2 Sefales activas en bajo

L} = Requiere un sistema digital para su manejo




Terminales asignadas en el FPGA

Senal Terminal FPGA
AN3 E13
AN2 F14
AN1 G14
ANO D14
E14
G13
N15
P15
R16
K
N16
P16

V| Mm M OO || >




Modelo de
interfaz
dinamica

Ease de tiempo
5 kHz

_ontador
madulo 4

Demultiplexor

2.4

4
——

1

Hexadecimal
a7 segmentos

/




Generador de base de tiempo

|'i brary | EEE;

use | EEE. std | ogic 1164. al | ;

use | EEE. std logic arith.all;
use | EEE. std_| ogi c_unsi gned. al | ;

entity Modul o 10000 is
port (
RST : in std_|ogic; Reset maestro

CLK : in std_|ogic; Rel oj maestro
Q : out std logic Cero
N
end Modul o _10000;
architecture Cascada of Mbdul o 10000 is

-- Estados internos
signal Qo, O : std logic vector(1l3 dowto 0);

-- Detector de 9999
signal Z . std_|ogic;

-- I ncrenent ador
signal | . std logic vector(13 downto 0);




begi n

Det ector: process(Q)
begi n
Z <=
Q(11) OR NOT(Q(10)) OR NoOT
@(7) OR Q@(6)
NOT(Qp(3)) OR NOT(Q(2)) OR NOT
end process Detector;

| ncr enent ador: process( Q)
begi n
| <= Q + 1;

end process | ncrenentador;

Anul ador: process(Z 1)
begi n
for j in Oto 13 |oop
N(j) <= ZAND I(]);
end | oop;
Q <= NOI(2);
end process Anul ador;

Secuenci al : process(RST, CLK)
begi n
I f (RST="1") then
Q <= (others => '0");
el sif (CLK event and CLK="1") then
Q <= O
end if;
end process Secuenci al ;

end Cascada;

(
(
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Contador modulo 4

|'i brary | EEE;

use | EEE. std | ogic 1164. al | ;

use | EEE. std logic arith.all;
use | EEE. std_| ogi c_unsi gned. al | ;

entity Modulo 4 is

port (
RST : in std_|ogic;
CLK : in std_|logic;
H : in std_|ogic;
Q : out std |logic vector(1l downto 0)
);

end Modul o_4;

architecture Cascada of Mddulo 4 is

-- Estados internos
signal Q, O : std logic vector(1l dowmto O);

Reset maestro

Rel oj maestro
Habi |l i taci on de entrada
Sal i da




begi n

Conbi naci onal : process(H, Q)
begi n
I f (H="1') then
M <= Q + 1;
el se
n <= Qp;
end if;
Q<= Qp;

end process Conbi naci onal ;

Secuenci al : process(RST, CLK)
begi n
I f (RST="1") then
Q <= (others => '0");
el sif (CLK event and CLK='1"') then
P <= On;
end if;
end process Secuenci al ;

end Cascada;




Demultiplexor 2 - 4

|'i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity Demux_2 4 is
port (
Q: in stdlogic vector(l dowmto 0); -- Anodo activo
Y : out std |logic vector(3 domto 0) -- Anodos
);
end Denmux_2 4;

architecture Sinple of Denmux 2 4 is
begi n
process(Q
begi n
case Qis
when "00" = Y <= "1110";
when "01" = Y <= "1101";
when " 10" => Y <= "1011";
when others => Y <= "0111";
end case;
end process;
end Sinpl e;




Multiplexor cuadruple 4 - 1

|'i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity Mux4_ 4 1 is

port (
Q : in std_logic_vector(l dowto 0); Sel ect or
H3 : in std |logic vector(3 downto 0); Entrada 3
H2 : in std |logic vector(3 dowmto 0); Entrada 2
HlL : in std |logic vector(3 downto 0); Entrada 1
HO : in std |logic vector(3 downto 0); Entrada O
y
);

out std | ogic vector(3 downto 0) Sal i da
end Mux4_4 1;

architecture Seleccion of Mux4 4 1 is
begi n
process(H3, H2, H1, HO, Q
begi n
case Qis
when " 00" =>
when "01" =>
when " 10" =>
when ot hers =>
end case;
end process;
end Sel ecci on;




Multiplexor 4 - 1

|'i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity Mux_ 4 1 is
port (
Q : in std logic_vector(l dowmto 0); Sel ect or
P3 : in std_|ogic; Entrada 3
P2 : in std_|logic; Entrada 2
P1 : in std_|ogic; Entrada 1
PO : in std_|ogic; Entrada O
PD : out std logic Sal i da

) ]
end Mux_4 1;

architecture Seleccion of Mux 4 1 is
begi n
process(P3, P2, P1, PO, Q
begi n
case Qis
when " 00" => PD <= NOT(PO);
when " 01" => PD <= NOT(P1);
when " 10" => PD <= NOT(P2);
when others => PD <= NOT(P3);
end case;
end process;
end Sel ecci on;




Decodificador de hexadecimal a 7

| i brary | EEE;
use | EEE. std logic 1164. all;

entity Hexadecimal 7s is
port (
H: in std logic vector(3 dowmmto 0); -- Hexadeci nal
S : out std logic vector(7 downto 1) -- 7 segnentos
):

end Hexadeci mal _7s;




architecture Sel ecci on of Hexadecimal 7s is
begi n
process(H)
begi n
case His
-- Segnent o abcdef g
when "0000" => <= "0000001";
when "0001" => <= "1001111";
when "0010" => <= "0010010";
when "0011" => <= "0000110";
when "0100" => <= "1001100";
when "0101" => <= "0100100";
when "0110" => <= "0100000";
when "0111" => <= "0001111";
when "1000" => <= "0000000";
when "1001" => <= "0000100";
when "1010" => <= "0001000";
when "1011" => <= "1100000";
when "1100" => <= "0110001";
when "1101" => <= "1000010";
when "1110" => <= "0110000";
when ot hers => <= "0111000";
end case;
end process;
end Sel ecci on;
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Control completo

|'i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity Control Exhibidores 7s is
port (

RST

CLK

i std | ogic;

i std | ogic;

[ std | ogic_vector (3
[ std | ogic _vector(3
i std | ogic _vector(3
i std | ogic _vector(3
in std | ogic vector(3
out std logic _vector(3
. out std |logic vector(7
D : out std logic

end Control Exhi bi dores_7s;

downt o
downt o
downt o
downt o
downt o
downt o
downt o

Reset mmestro
Rel oj nmaestro
Entrada 3
Entrada 2
Entrada 1
Entrada O

Ent rada punt os
Anodos

7 segnent os
Punt o deci nmal

architecture Conpleta of Control Exhibidores 7s is




-- Base de tienpo de 5 kHz
conponent Mbdul o_10000
port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
Q : out std logic Cero
);

end conponent;

-- Contador nodulo 4
conponent Modul o_4
port (
RST : in std_logic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
H : in std_|ogic; Habi |l i taci on de entrada
Q : out std |logic vector(1l downto 0) Sal i da
);

end conponent;

-- Demultiplexor 2 a 4
conponent Denux_2 4
port (
Q: in std logic vector(l dowmnto 0); -- Anodo activo
Y : out std logic vector(3 dowmto 0) -- Anodos
N

end conponent ;




-- Multiplexor cuadruple de 4 a 1
conmponent Mix4 4 1

port (

In std |ogic vector(1
in std | ogic vector(3
in std | ogic vector(3
in std | ogic vector(3
in std | ogic vector(3
out std | ogic vector(3

end conponent ;

-- Multiplexor de 4 a 1
conponent Mux_4 1
port (

Q : in

P3 : in

P2 : in

std |l ogic vector(1
std_| ogic;
std_| ogic;
P1 : in std_|ogic;
PO : in std_|ogic;
PD : out std logic
);

end conponent ;

-- Decodi fi cador de hexadeci mal a
conponent Hexadeci mal _7s

port (
H: in

)i

end conponent ;

downt o
downt o
downt o
downt o
downt o
downt o

downt o

Sel ect or
Ent r ada
Ent r ada
Ent r ada
Ent r ada
Sal i da

Sel ect or
Ent r ada
Ent r ada
Ent r ada
Ent r ada
Sal i da

7 segnent os

std | ogic _vector(3 downto 0);
S : out std logic vector(7 downto 1)

- - Hexadeci nal
-- 7 segnment os




-- Habilitacion interna
signal ENI : std | ogic;

-- Contador nodulo 4
signal Q : std logic vector(l downto 0);

-- Multiplexor de | os segnent os
signal M : std logic vector(3 downto 0);

begi n

-- Base de tienpo
Bl oque_01: Modul o_10000 port map( RST, CLK, ENI) ;

-- Cont ador nodul o 4
Bl oque_02: Modul o_4 port map(RST, CLK, ENI, Q) ;

-- Denultiplexor 2 a 4
Bl oque _03: Denux_2 4 port map(Q A);

-- Multiplexor de | os segnent os
Bl oque 04: Mux4 4 1 port map(Q H3,H2,H1, HO, M ;

-- Multiplexor del punto deci nal

Bl oque 05: Mix 4 1 port map(Q P(3),P(2),P(1),P(0), PD);

-- Decodi ficador de hexadecimal a 7 segnentos
Bl oque_06: Hexadeci mal _7s port map(M S);

end Conpl et a;




Ejemplo de sintesis

| i brary | EEE;
use | EEE. std logic 1164. all;

entity Ej enpl o _Exhibidores is
port (
RST : in std_|ogic; Reset maestro
CLK : in std_| ogic; Rel oj maestro
. in std logic vector(3 downto ; Entrada 1
in std |ogic vector(3 downto ; Entrada O
in std_ | ogic; Entrada punto
out std |l ogic vector(3 downto ; Anodos
. out std logic vector(7 downto ; 7 segnment os
D : out std |ogic Punt o deci mal

end Ej enpl o_Exhi bi dor es;

architecture Miestra of Ejenpl o Exhi bidores is




-- Control de | os exhibidores de 7 segnentos
conponent Control Exhi bi dores_7s
port (
RST :
CLK

i std | ogic;

i std | ogic;

H3 : i std | ogic_vector(3 downto
H2 i std | ogic_vector(3 downto
HL i std | ogic_vector(3 downto
HO [ std | ogic_vector(3 downto
P in std | ogic vector(3 downto
A . out std logic vector(3 downto
S . out std |logic vector(7 downto
PD : out std logic

IE

end conponent ;

-- Vector de puntos decinal es
signal D . std | ogic_vector(3 downto

-- Conpl enento de dos exhi bi dores
signal H3, H2 : std |ogic vector(3 downto

begi n
- Interconecti vi dad
<= P &P &P & P
<= NOT(H1);
<= NOT( HO) ;

-- Control de | os exhibidores de 7 segnentos

~01: Control Exhibidores 7s port map(RST, CLK, H3, H2, H1, HO, D, A, S, PD) ;

end Muestra;

Reset mmestro
Rel oj maestro
Ent rada 3
Entrada 2
Entrada 1
Entrada O

Ent rada punt os
Anodos

7 segnent os
Punt o deci nal




Desplegado VGA 1
Pantalla del color seleccionado

% VS Sincronia vertical

: % \V/AD Direccion del rengléon (9
z EHS Habilita sincronia

horizontal

Sincronia Horizontal : o = HAD Direccion de la columna
i (10 bits, 640 puntos)

z EDS Habilita color
z KLR Control de color
z RGB Red-Green-Blue

KLR——RGB




Sincronia
vertical

Fulzo de
sincronia

Temporizador de pulso
+3,200

Temporizador de guarda
trasera +46,400

Temporizador de desplegado
=+ 1,600

Em

Contador de linea
+ 480

Temporizador de guarda
frontal 16,000

=efal de sincronia H y %

Suarda
frasera

Desplegado activo

Guarda
frontal




Sincronia horizontal

Temporizador de pulso
+ 192

Temporizador de guarda
trasera -+ 96

Temporizador de desplegacdo

HIC

Contadlor de linea
<640

|
CLK RST

Temporizador de guarda
frontal +32




Temporizadores simples

2 \ertical % Horizontal

2 Pulso % Pulso

% (Guarda trasera 2 (uarda trasera
2 Desplegado ¢ (Guarda frontal
2 Guarda frontal




Temporizador de pulso vertical

| i brary | EEE;

use | EEE. std | ogic_1164. all;

use | EEE. std logic_arith.all;
use | EEE. std_| ogi c_unsi gned. al | ;

entity Pulso Vis
port (
RST : | std | ogic; Reset nmmestro
CLK : i std | ogic; Rel oj maestro
ST i std_I| ogi c; Habi | i taci on de entrada
EC std | ogic Fin de cuenta
) .

end bulso_v;
architecture Cascada of Pulso V is

-- Estados internos
signal Qo, On : std logic vector(1ll dowto 0);

-- Detector de 3199
signal Z . std_logic;

-- I ncrenent ador
signal | . std logic _vector(1ll downto 0);




begi n

Det ector: process(Q)
begi n
i f (Qp="110001111111") then
Z <="'0";
el se
Z <="'1';
end if;
end process Detector;

| ncrenent ador: process( Q)
begi n
| <= Q + 1,

end process | ncrenentador;

Anul ador: process(Z, |, ST)
begi n
for j in O to 11 |oop
M(j) <= ST AND Z AND I (j);
end | oop;
EC <= NOT(2);
end process Anul ador;

Secuenci al : process(RST, CLK)
begi n
I f (RST="1") then
Q <= (others => "'0");
el sif (CLK event and CLK="1l") then
Q <= Q
end if;
end process Secuenci al ;

end Cascada;




Temporizador de desplegado
horizontal

|'i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity Desplegado His
port (
RST : in std_|ogic; Reset nmestro
CLK : in std_|ogic; Rel oj nmaestro
ST : in std_|ogic; Habi | i taci on de entrada
H C: out std _|ogic Habi | i tacion de |inea

) ]
end Despl egado_H;

architecture Cascada of Desplegado His

-- Estados i nternos
signal Qo, O : std | ogic;

-- Detector de 1
signal Z . std | ogic;

-- I ncrenent ador
si gnal | . std_logic;




begi n

Det ect or: process( @)
begi n
If (Q="1") then
Z <="'0";
el se
Z <="'1";
end i1f;
end process Detector;

| ncrenent ador: process( Q)
begi n

| <= NOT(Qp);
end process | ncrenentador;

Anul ador: process(Z, |, ST)
begi n
M <= ST AND Z AND I;
H C <= NOT(Z) AND ST;
end process Anul ador;

Secuenci al : process(RST, CLK)
begi n
If (RST="1") then
QP <='0;
el sif (CLK event and CLK="1") then
P <= Q
end if;
end process Secuenci al ;

end Cascada:




Contador de linea vertical

|'i brary | EEE;

use | EEE. std | ogic 1164. al | ;

use | EEE. std logic arith.all;
use | EEE. std_| ogi c_unsi gned. al | ;

entity Contador V is
port (

RST : in

CLK : in

VIC: in

VAD : out

EC : out
);

end Cont ador V;

std_| ogi c;
std | ogic;
std | ogic;
std | ogic _vector(8 downto 0);
std _logic

architecture Cascada of Contador V is

-- Estados internos
signal Qo, On : std logic vector(8 dowmnto 0);

de 479
std | ogic;

-- Detector
signal Z

Reset maestro

Rel oj maestro
Habi |l i taci on de entrada
D reccion verti cal

Fin de cuenta




-- I ncrenent ador
signal | . std _logic_vector(8 downto 0);

- - Anul ador
signal A

begi n

Det ector: process(Q)
begi n
i f (Qp="111011111") then
Z <="'0";
el se
Z <="'1";
end if;
end process Detector;

| ncrenent ador: process( Q)
begi n

| <= Q + 1;

VAD <= Qp;
end process | ncrenentador;

Anul ador: process(Z, 1, VIC
begi n
for j in O to 8 |loop
A(j) <= Z AND I(]);
end | oop;
EC <= NOT(Z) AND VIC
end process Anul ador;

std_l ogi c_vector(8 downto 0);

Habi | i taci on: process(Q, VIC, A
begi n
if (MIC="1") then
O <= A
el se
<= Q;
end if;
end process Habilitacion;

Secuenci al : process(RST, CLK)
begi n
If (RST="1") then
Q <= (others => "'0");
el sif (CLK event and CLK="1") then
P <=
end if;
end process Secuenci al ;

end Cascada;




Contador de linea horizontal

i brary | EEE;

use | EEE. std | ogic_1164. all;

use | EEE. std logic_arith.all;
use | EEE. std | ogi c_unsi gned. al | ;

entity Contador His

port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
HC: in std_|ogic; Habi |l i taci on de entrada
HAD : out std | ogic _vector(9 downto 0); Di recci on hori zont al
EC : out std _|ogic Fin de cuenta
);

end Cont ador H;

architecture Cascada of Contador His

-- Estados internos
signal Q, O : std logic vector(9 downto 0);

-- Detector de 639
signal Z . std | ogic;




| ncr enent ador
signal |

std | ogic _vector(9

Anul ador
signal A

std | ogic vector(9
begi n

Det ector:
begi n
i f (Q="1001111111") then
Z <="'0";
el se
Z <="'1";
end if;
end process Detector;

process( Q)

| ncr enent ador :
begi n

| <= Q + 1;

HAD <= Qp;
end process | ncrenentador;

process( Q)

Anul ador :
begi n
for j in 0Oto 9 |loop
A(j) <= Z AND I(]);
end | oop;
EC <= NOT(Z) AND H C
end process Anul ador;

process(Z, |1, H C

downto O);

downto 0);

Habi | i t aci on:
begi n
if (HC="1") then
<= A
el se
A <= Qp;
end if;
end process Habilitacion;

process(Q, H C, A

Secuenci al :
begi n
I f (RST="1") then
Q <= (others => "'0");

process( RST, CLK)

el sif (CLK event and CLK="1") then

P <=
end if;
end process Secuenci al ;

end Cascada;




FSM vertical EC
ST, EHS, VS

RST

EC1=0

' S1 SO
1000,0,0 0000,0,1

EC2=0 EC1=1
' S2 EC4=1

0100,0,1

EC3=0 EC2=1
T

0010,1,1 /.

0001,0,1




| i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity FSM Vertical is

port (
RST :
CLK :
EC :
ST
EHS :
VS
)
FSM Verti cal ;

I N
I N
I N
out
out
out

std | ogic;
std_| ogic;
std | ogic _vector(1l to 4);
std logic vector(1l to 4);
std | ogic;
std |l ogic

end

architecture Cascada of FSM Vertical is

-- Estados internos
signal Q, O : std logic vector(2 downto 0);

begi n

Conbi naci onal :
begi n
case @ is
when " 000" =>
A <= "001";
ST <= "0000":
EHS <= '0';
VS <="'1";

process( EC, Qo)

Reset nmmestro

Rel oj maestro

Fin de cuenta

I nicio de cuenta
Habi | i t aci on hori zont al
Sincronia vertical




when "001" =>
if (EC(1)="1") then
O <= "010";
el se
@ <= Qs
end if;
ST <= "1000":
EHS <= '0';
VS <="'0';
when "010" =>
if (EC(2)="1") then
O <= "011";
el se
Qn <= Qp;
end if;
ST <= "0100";
EHS <= '0';
VS <="'1';
when "011" =>
if (EC(3)="1") then
O <= "100";
el se
Qn <= Qp;
end if;
ST <= "0010";
EHS <= '1';
VS <="'1";

when "100" =>
if (EC(4)="1") then
O <= "001";
el se
Qn <= Qp;
end if;
ST <= "0001";
EHS <= '0';
VS <="'1";
when ot hers =>
O <= "000";
ST <= "0000";
EHS <= '0';
VS <="'1";
end case;
end process Conbi naci onal ;

Secuenci al :
begi n
If (RST="1") then
Q <= (others => '0");
el sif (CLK event and CLK='"1") then
P <= QO
end if;
end process Secuenci al ;

process( RST, CLK)

end Cascada;




' EC, EHS
FSM horizontal o e b

RST

EC1=0

' S1 SO
1000,0,0 0000,0,1

EC2= O ECI1=1
S2 EC4=1

OlO0,0,l
EC4=0

EC3=0 EC2=1
-
0010,EHS, 1 EC3=1 0001,0,1




| i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity FSM Horizontal is

port (
RST :
CLK :
EHS :
EC
ST
EDS :
HS -
);
FSM Hori zont al ;

I N
I N
I N
I N
out
out
out

std_| ogi c;
std_| ogic;
std_| ogi c;
std logic vector(1l to 4);
std logic vector(1l to 4);
std | ogic;
std |l ogic

end

architecture Cascada of FSM Hori zontal iIs

-- Estados internos
signal Qo, On : std logic vector(2 dowmto 0);

begi n

Conbi naci onal :
begi n
case @ is
when " 000"
n

process( EHS, EC, Qp)

=>
"001";
il " 0000";
EDS <= '0';
HS "1

Reset nmestro

Rel oj maestro
Habi | i t aci on hori zont al
Fin de cuenta

| ni cio de cuenta
Habi | i t aci on de pi xel
Si ncroni a hori zont al




when "001" =>
if (EC(1)="1") then
O <= "010";
el se
@ <= Qs
end if;
ST <= "1000":
EDS <= '0';
HS <="'0'";
when "010" =>
if (EC(2)="1") then
O <= "011";
el se
Qn <= Qp;
end if;
ST <= "0100";
EDS <= '0';
HS <= '1';
when "011" =>
if (EC(3)="1") then
O <= "100";
el se
Qn <= Qp;
end if;
ST <= "0010";
EDS <= EHS;
HS <= '1';

when "100" =>
if (EC(4)="1") then
O <= "001";
el se
Qn <= Qp;
end if;
ST <= "0001":
EDS <= '0';
HS <= "'1";
when ot hers =>
O <= "000";
ST <= "0000";
EDS <= '0';
HS <= "'1";
end case;
end process Conbi naci onal ;

Secuenci al :
begi n
If (RST="1") then
Q <= (others => '0");
el sif (CLK event and CLK='"1") then
P <= QO
end if;
end process Secuenci al ;

process( RST, CLK)

end Cascada;




Sincronizador vertical

|'i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity Sincronia Vertical is

port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj nmaestro
EHS : out std_| ogic; Habi | i taci on hori zont al
VAD : out std |ogic vector(8 downto 0); Di recci on verti cal
VS : out std logic Si ncroni a verti cal
);

end Sincronia Vertical;

architecture Control of Sincronia Vertical is

-- Contador de pul so vertical
conponent Pul so_V
port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
ST : in std_|ogic; Habi | i taci on de entrada
EC : out std |ogic Fin de cuenta
);

end conponent ;




-- Contador de guarda trasera
conmponent Trasero_V
port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
ST : in std_|ogic; Habi | i taci on de entrada
EC : out std logic Fin de cuenta
);

end conponent ;

-- Cont ador de despl egado
conponent Despl egado_V
port (

RST : in std_|ogic; Reset maestro

CLK : in std_|ogic; Rel oj nmaestro

ST : in std_|ogic; Habi | i taci on de entrada
VIC : out std logic Habi |l itaci on de |inea
);

end conponent ;

-- Contador de |inea
conponent Cont ador _V
port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
VIC: in std_|ogic; Habi | i taci on de entrada
VAD : out std |ogic vector(8 downto 0); Di reccion verti cal
EC : out std |ogic Fin de cuenta
);

end conponent ;




-- Cont ador de guarda frontal
conponent Frontal V

port (

RST :
CLK :
ST
=

)i

in
in
I n
out

std | ogic; Reset mmestro
std | ogic; Rel oj maestro

std | ogic; Habi | i t aci on de entrada

std |l ogic Fin de cuenta

end conponent ;

-- Maqui na de estados de control
conponent FSM Verti cal

port (
RST :

CLK :
EC
ST
EHS
VS
)

I N
I N
I N
out
out
out

std | ogic;
std | ogic;
std logic vector(1l to 4);
std logic vector(1l to 4);
std | ogic;
std | ogic

end conponent ;

-- Habilitaci ones | nternas
ST, EC:

si gnal
si gnal

VI C

std_l ogic_vector(1 to 4);
std | ogic;

Reset maestro

Rel oj maestro

Fin de cuenta

| ni ci o de cuenta
Habi | i t aci on hori zont al
Sincronia vertical




begi n

-- Cont ador de pul so verti cal
Bl oque_01: Pul so_V port map(RST, CLK, ST(1), EC(1));

-- Contador de guarda trasera
Bl oque_02: Trasero_ V port map(RST, CLK, ST(2), EC(2));

-- Cont ador de despl egado
Bl oque_03: Despl egado V port map(RST, CLK, ST(3), VIO ;

-- Contador de |inea
Bl oque_04: Contador V port map(RST, CLK, VI C, VAD, EC( 3) ) ;

-- Contador de guarda frontal
Bl oque_05: Frontal V port map(RST, CLK, ST(4), EC(4));

-- Maqui na de estados de control
Bl oque 06: FSM Vertical port map(RST, CLK, EC, ST, EHS, VS);

end Control:




Sincronizador horizontal

|'i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity Sincronia Horizontal is
port (
RST : in std_|ogic;
CLK : in std_|ogic;
EHS : in std_|ogic;
EDS : out std | ogic;
HAD : out std | ogic vect
HS : out std logic
);

end Sincronia Horizontal;

conponent Pul so_H
port (
RST : in std |ogic;
CLK : in std_|ogic;
ST : in std_|ogic;
EC : out std logic
);

end conponent ;

Reset nmestro
Rel oj nmaestro
Habi | i taci on hori zont al
Habi | i taci on pi xe

or (9 downto 0); Di recci on hori zont al
Si ncroni a hori zont al

architecture Control of Sincronia Horizontal is

-- Contador de pul so horizontal

Reset mmestro
Rel oj naestro
Habi | i taci on de entrada
Fin de cuenta




-- Contador de guarda trasera
conponent Trasero_H
port (
RST : in std |ogic; Reset nmaestro
CLK : in std_|ogic; Rel oj nmaestro
ST : in std_logic; Habi | i taci on de entrada
EC : out std_|logic Fin de cuenta
);

end conponent ;

-- Cont ador de despl egado
conponent Despl egado H
port (
RST : in std |ogic; Reset maestro
CLK : in std_|ogic; Rel oj nmaestro

ST : in std_|ogic; Habi | i taci on de entrada
H C : out std_| ogi Habi |l i tacion de |inea
);

end conponent ;

-- Contador de |inea
conponent Cont ador H
port (
RST : in std_|ogic; Reset nmestro
CLK : in std_|ogic; Rel oj maestro
HC: in std_|ogic; Habi | i taci on de entrada
HAD : out std |ogic vector(9 dowmnto 0); Di recci on hori zont al
EC : out std logic Fin de cuenta
Ik

end conponent ;




-- Cont ador de guarda frontal
conponent Frontal H
port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
ST : in std_|ogic; Habi | i t aci on de entrada
EC : out std logic Fin de cuenta
);

end conponent ;

-- Maqui na de estados de control
conponent FSM Hori zont al
port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
EHS : in std_|Iogic; Habi | i taci on hori zont al
EC : in std logic vector(l to 4); Fin de cuenta
ST . out std |logic vector(1l to 4); I nicio de cuenta
. out std | ogic; Habi | i t aci on de pi xel
HS : out std logic Si ncroni a hori zont al
);

end conponent ;

-- Habilitaciones internas
signal ST, EC: std logic vector(1l to 4);
signal H C . std_|ogic;




begi n

-- Cont ador de pul so hori zont al
Bl oque_01: Pulso_H port map(RST, CLK, ST(1), EC(1));

-- Contador de guarda trasera
Bl oque_02: Trasero H port map(RST, CLK, ST(2), EC(2));

-- Cont ador de despl egado
Bl oque _03: Desplegado H port map(RST, CLK, ST(3), H O);

-- Contador de linea
Bl oque_04: Contador_ H port map(RST, CLK, H C, HAD, EC(3) ) ;

-- Contador de guarda frontal
Bl oque_05: Frontal H port map(RST, CLK, ST(4), EC(4));

-- Maqui na de estados de control
Bl ogue _06: FSM horizontal port map(RST, CLK, EHS, EC, ST, EDS, HS) ;

end Control:




Sincronizador VGA

port (

VS
HS

);

port (

VS
)i

RST :
CLK :

VAD :
HAD
EDS :

RST :
CLK :
EHS
AV/A\D I

| i brary | EEE;
use | EEE. std | ogic_1164. all;

I N
I N
out
out
out
out
out

I N
I N
out
out
out

entity Sincronizador VGA is

std | ogic;
std | ogic;
std | ogic;
std_| ogi c;
std |l ogic _vector(8 dowmnto 0);
std |l ogic _vector(9 dowmto 0);
std |l ogic

end Si ncroni zador VGA

-- Sincronia verti cal
conponent Sincronia Vertical

std | ogic;
std | ogic;
std | ogic;
std |l ogic _vector(8 downto 0);
std _logic

end conponent ;

Reset mmestro

Rel oj maestro

Si ncroni a verti cal
Si ncroni a hori zont al
D reccion vertical
Di recci on hori zont al
Habi | i taci on pi xel

architecture Control Maestro of Sincronizador VGA is

Reset maestro

Rel oj mmestro
Habi | i t aci on hori zont al
D reccion vertical
Sincronia verti cal




-- Sincronia horizontal
conponent Si ncroni a Hori zont al
port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
EHS : in std |ogic; Habi | i taci on hori zont al
EDS : out std_|ogic; Habi | i taci on pi xel
HAD : out std | ogic_vector(9 downto 0); Di recci on hori zont al
HS : out std logic Si ncroni a hori zont al
);

end conponent;

-- Habilitacion interna
signal EHS : std_Il ogic;

begi n

-- Sincronia Vertical
Control 01l: Sincronia Vertical port map( RST, CLK, EHS, VAD, VS) ;

-- Sincronia horizontal
Control _02: Sincronia_horizontal port map(RST, CLK, EHS, EDS, HAD, HS) ;

end Control Maestro;




Ejemplo 1

Desplegado de color

i brary | EEE;

in
in
in
out
out
out
out
out

use | EEE. std | ogi c_1164.

entity Ejenplo VGA 1 is

std_| ogi
std | ogi
std | ogi
std | ogi
std | ogi
std_| ogi
std | ogi
std | ogi

c
c
c
C
c
c
c

C

_vector(2 downto 0);

architecture Prueba of Ejenplo VGA 1 is

Reset maestro

Rel oj maestro

Col or VGA

Sincronia verti cal
Si ncroni a hori zont al
Red

G een

Bl ue




-- Sincroni zador VGA
conponent Si ncroni zador _VGA
port (
RST : in std_|ogic; Reset maestro
CLK : in std_|ogic; Rel oj maestro
VS : out std_logic; Si ncroni a verti cal
HS : out std | ogic; Si ncroni a hori zont al
VAD : out std_logic_vector(8 downto 0); Di reccion verti cal
HAD : out std | ogic_vector(9 downto 0); Di recci on hori zont al
EDS : out std |logic Habi | i t aci on pi xel
);

end conponent ;

-- Habilitacion de pixel
signal EDS: std_| ogic;

-- Direccion de pixel (no utilizadas en este ejenpl o)
signal VAD. std | ogic _vector(8 downto 0);
signal HAD. std | ogic _vector(9 downto 0);

begi n

-- Sincroni zador VGA
DUT_01: Si ncroni zador VGA port map( RST, CLK, VS, HS, VAD, HAD, EDS) ;

-- Salida de pixel

R <= KLR(2) AND EDS;
G <= KLR(1) AND EDS
B <= KLR(0) AND EDS

end Prueba;




Desplegado VGA 2
Imagen almacenada en RAM

% Ulilizando el sistemade % Una maquina de estados
sincronia para genera la imagen simple
desplegado VGA se que consiste en barras
desea generar una de colores
iImagen simple en la
memoria RAM externa y
desde esta localidad
desplegarla en el monitor
VGA




Diagrama de bloques

Generador de barras

Sincronizador VGA

RAM
externa

Habilitacion
ce pixel




Generador de barras

i brary | EEE;

port (
RST : in
CLK : in
STG: in
EOG : out
BAR : out
KLR : out
) ;

signal Q, O :

use | EEE. std | ogic_1164. all;
use | EEE. std logic_arith.all;
use | EEE. std_| ogi c_unsi gned. al | ;

entity Genera Barras is

std | ogic;
std | ogic;
std logic vector(l downto
std_| ogi c;
std | ogic vector (17 downto
std logic vector(5 downto

end Genera_Barras;
architecture Contador of Cenera Barras is

-- Estados | nternos

std |l ogic _vector(1l7 downto

Reset maestro

Rel oj maestro

Control del generador
Fin de generacion
Direccion de |a barra
Colores de |l a barra




begi n

Conbi naci onal : process(STG Q)
begi n
case STGis
when " 11" => n <= (others => "'0");
when "10" => Qn <= Q@ + 1;
when others => O <= Q;
end case;
i f (Q="111111111111111111") then
EOG <= "1";
el se
EOCG <= '0';
end if;
BAR <= Qp;
KLR <= Q(6 downto 4) & Q(6 downto 4);
end process Conbi naci onal ;

Secuenci al : process(RST, CLK)
begi n
If (RST="1") then
Q <= (others => '0");
el sif (CLK event and CLK='"1") then
P <= QO
end if;
end process Secuenci al ;

end Cont ador ;




Habilitacion de pixel

|'i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity Control Pixel is
port (

EDS : in std |ogic; Habi | i t aci on

PIX : in std |logic vector(2 dowmto 0); Col or

R : out std_|ogic; Red

G . out std_|ogic; G een
B : out std logic Bl ue
);

end Control Pixel;
architecture Sinple of Control Pixel is
begi n

R <= EDS AND PI X(2);

G <= EDS AND Pl X(1):
B <= EDS AND PI X(0);

end Si npl e;




Interfaz

|'i brary | EEE;
use | EEE. std | ogic 1164. al | ;

entity Interfaz is
port (

RST : in std_| ogi
CLK : in std | ogi
VAD : in std_| ogi
HAD : in std_| ogi
Pl X : out std | ogi
STG : out std | ogi
EOQG : in std | og
BAR : in std_| ogi
KLR : in std_| ogi

D : inout std_| ogi

A . out std | ogi
CE1l : out std_| og
CE2 : out std_I og

. out std | ogi

out std | ogi

out std | ogi

Reset nmestro
Rel oj nmaestro
_vector(8 downto ; Di reccion verti cal
_vector(9 downto ; Di recci on hori zont al
_vector(2 downto ; Pi xel activo
_vector(l downto ; Control del generador
; Fin de generacion
_vector (17 downto ; Direccion de |l a barra
_vector(5 downto ; Col ores de la barra
_vector(7 downto ; Dat os RAM
_vector (17 downto ; Di recci ones RAM
Chip enable 1
Chip enable 2
Upper byte enable 1
Upper byte enable 2
Lower byte enable 1

. out std | ogi Lower byte enable 2
VWR : out std_| ogi c; Wite enable
CE : out std | ogic CQut put enabl e
);

end I nterfaz;

O 0O 00 0 0000000000000




architecture Control of Interfaz is

-- Estados internos
signal Q, O : std logic vector(2 downto 0);

-- Mux de direcciones
signal S std | ogic;

begi n

FSM process(Qp, EQCG
begi n
CE2 ;
UB2 <= ;
UBL <= "1";
LB2 A
LB1 ;
case @ is
when " 000" =>
CEl <= '1';
VR ;
CE
S
STG <= "
<=
when " 001"
<=
<= "'1';
<="'1';
<='0';
<= "00";
<= "010";

when "010" =>
CEl <= '0';
WR <= '0'";
CE <='1';
S <= '0';
STG <= "00";
O <= "011";

when "011" =>
CEl <= '0';
WR <= "'1';
CE <='1';
S <= '0';
STG <= "00";
i f (ECG=" 0 ) t hen

O <= "100";
el se
M <= "101";

end if;

when "100" =>
CEl <= '0';




when "110" =>
CEl <= '0';
W <="1";
CE <='0";
S <='1; Dat o: process(D, KLR, S, HAD)
STG <= "11"; begi n

Qn <= "110%; if (S='0') then
when ot hers => D <= "00" & KLR
<= :l:; el se
<= .1.; D <= (others =>'2Z");
<= .1.; end if;
<='0"; if (HAD(0)="0") then
STG <= "11"; PI X <= D(5 downto 3);
A <= "000"; el se

end case; PIX <= D(2 downto 0);
end process FSM end if:

end process Dat o;

Di reccion: process(VAD, HAD, BAR, S)
begi n Rel oj : process(RST, CLK)

if (S='0") then begi n

A <= BAR if (RST='1') then
el se : Q <= (others =>"'0");

A <= VAD & HA(9 downto 1); el sif (CLK event and CLK='1') then
end 1f; Q@ <= On:

end process Direccion; end if:
end process Rel oj;

end Control ;




Ejemplo de desplegado VGA
Generador de barras de colores

| i brary | EEE;
use | EEE. std | ogic_1164. all;

entity Ejenplo VGA 2 is
port (
RST : in std | ogic;
CLK : in std_| ogi c;
D : inout std |ogic vector(7 downto 0);
A . out std | ogic vector (17 downto 0);
CE1l : out std_| ogi c;
CE2 : out std_I og
UBL : out std_| ogi
UB2 : out std_| ogi
LB1 : out std | ogi
LB2 : out std | ogi
. out std | ogi
out std | ogi
out std | ogi
out std | ogi
out std | ogi
out std | ogi
out std |l ogic

OO0 O00O0000O0OO0O0

end Ejenplo_VCﬁLZ;

Reset nmestro
Rel oj maestro
Dat os RAM

Di recci ones RAM
Chip enable 1
Chip enable 2
Upper byte enabl e
Upper byte enabl e
Lower byte enabl e
Lower byte enabl e
Wite enable

Qut put enabl e

Si ncroni a verti cal
Si ncroni a hori zont al
Red

G een

Bl ue




architecture Prueba of

-- Sincroni zador VGA
conponent Si ncroni zador
port (

RST : in
CLK : in
VS : out
HS : out
VAD : out
HAD : out
EDS ©out

end conponent ;

std
std
std
std_

| o
| o
| o
| ogi

Ej enplo_VGA 2 is

_VGA

std | ogic;
std | ogic;
std_| ogi c;

gi c;
g
gl
grc

I c_vector(8 downto 0);
I c_vector(9 downto 0);

-- Habilitacion de pixel

conponent Contr ol
port (

EDS : in std_|og

PLX : in std_|ogi

. out std _|ogi

out std | ogi

out std | ogi

_Pi xel

end conponent

-- CGenerador de barras
conponent Genera_Barras
port (

RST : 1|
CLK : i
STG : i
EOG : out
BAR : out
yLR : out

end conponent ;

| C;
i c_vector(2 downto 0);
| C;
| C;
iC

|c_vector(1 downt o 0);

| C;

ogi c_vector (17 downto 0);
ogi c_vector(5 downto 0)

Reset maestro

Rel oj nmaestro

Si ncroni a verti cal
Si ncroni a hori zont al
D reccion verti cal
Di reccion horizont al
Habi | i t aci on pi xe

Habi | i t aci on
Col or

Red

G een

Bl ue

Reset nmestro

Rel oj maestro

Control del generador
Fin de generacion
Direccion de la barra
Col ores de la barra




-- Interfaz
conponent Interfaz
port (
RST : in std | ogi
CLK : in std | ogi
VAD : in std_I ogi
HAD : in std_| ogi
Pl X : out std | ogi
STG : out std | ogi
EOCG : in std | ogi
BAR : in std_I ogi
KLR : in std_| ogi
D : inout std_| ogi
A out std | ogi
CE1 : out std | og
CE2 : out std_I og
. out std_| ogi
out std | ogi
out std I ogi

Reset nmestro
; Rel oj maestro
_vector(8 downto ; Di reccion verti cal
_vector(9 downto ; Di recci on hori zont al
_vector(2 downto ; Pi xel activo
_vector(l downto ; Control del generador
; Fin de generacion
_vector (17 downto ; Direccion de |la barra
_vector(5 downto ; Colores de la barra
_vector(7 downto ; Dat os RAM
_vector(17 downto ; Di recci ones RAM
Chip enable 1
Chip enable 2
Upper byte enable 1
Upper byte enable 2
Lower byte enable 1

. out std | ogi Lower byte enable 2
VWR : out std_| ogi c; Wite enabl e
CE : out std | ogic Qut put enabl e
);

end conponent ;

C
C
C
C
C
C
c:
C
C
C
c
C
C
C
C
C
C
C

-- Sincroni zador VGA

signal VAD: std |ogic vector(8 downto 0);
signal HAD: std |ogic vector(9 downto 0);
signal EDS: std | ogic;




-- Habilitacion de pixel
signal PI X std |ogic vector(2 dowmnto 0);

-- Generador de barras
signal STG std logic vector(1l downto 0);
signal EOCG std | ogic;
signal BAR std |ogic vector(17 downto 0);
signal KLR std logic vector(5 downto 0);

begi n

-- Sincroni zador VGA
DUT _01: Sincroni zador VGA port map(RST, CLK, VS, HS, VAD, HAD, EDS) ;

-- Habilitacion de pixel
DUT_02: Control Pi xel port map( EDS, Pl X, R, G B)

-- Generador de barras
DUT_03: Genera_Barras port map( RST, CLK, STG EOG BAR, KLR)

-- Interfaz
DUT 04: Interfaz port map( RST, CLK, VAD, HAD, PI X, STG EOG, BAR, KLR,
D, A CE1, CE2, UB1, UB2, LB1, LB2, WR, CE) ;

end Prueba;




Conclusiones

7> < Los modelos de interfaz consisten en maquinas

de estados finitos que generan patrones de
sefiales de acuerdo con el dispositivo periférico

g1 - Estos sistemas de interfaz pueden ser

L modelados como un circuito independiente de

L. otros elementos que constituyen la aplicacion
general




Notas finales

=/~ < Los ejemplos mostrados en la presente seccion

son completamente funcionales y pueden ser
exportados a cualquier otra plataforma de
desarrollo en futuras aplicaciones

2 El desplegado VGA es una de las herramientas
mas utiles en el desarrollo de sistemas digitales
en computo reconfigurable con aplicaciones en
procesamiento de imagenes




-';: ¢ # Sl se desea otro tipo de desplegado en pantalla
de alta resolucion, el modelo de interfaz VGA se
puede utilizar como primitiva de disefno




