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1 Introducao

O objetivo desse tutorial é fazer uma descri¢ao muito breve de como escrever em um
monitor de video usando a saida VGA da placa DE1 da Altera, por meio do componente
vgacon. Primeiramente, serd apresentado o componente, seus sinais de entrada e saida.

Por conseguinte, sera exibido um pequeno exemplo.

1.1 Componente VGACON

Tem-se dizer que a utilizacao do componente nao é compulsoria, isto é, é apenas
uma facilidade e com fim especifico de escrever na tela de um monitor com entrada
analégica. Em geral, o componente é satisfatério para os propdsitos da maioria dos

projetos desenvolvidos nesta disciplina.

1.1.1 Por dentro do componente

A maior vantagem de sua utilizacdo é nao requer do usuario cuidados com tempo-
rizagao e sincronizacao. Em poucas palavras, pode-se resumir a utilidade do componente

como um “escritor” de pizels. No codigo [1] esta a implementacao do componente.

Ha um detalhe importante. O wgacon utiliza uma memoria cuja instanciagao
requer um arquivo .mif que é um arquivo de descricao de memoéria. Por causa do tamanho
do arquivo ele nao é mostrado neste documento, mas esta em disponivel para download

no site da disciplina.

1.1.2 Sinais de Entrada

Os sinais de entrada do componente estao descritos entre as linhas 84 e 89 do
codigo [I  Eles sao os clocks clk27M e write_clk, reset ativo baixo rtsn, permissdo de
escrita na memoéria de video write_enable, endereco de escrita write_addr e, finalmente, a
cor do pixel data_in que tem apenas 8 opgoes. Vale dizer que é possivel usar o mesmo

valor do clk27M para o write_clk.

Embora a entidade conte com sinais de entrada generic que permitem alterar a
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resolucao horizontal e vertical da tela, uma simples alteragao desses valores nao ira funci-
onar como esperado. Isso, por que o valor da resolucao corresponde proporcionalmente ao
tamanho da memoria de video e, esta, por sua vez, estd descrita no arquivo .mif. Além
disso, a memoria usada no componente é bem pequena, menor do 20 KiB. E possivel usar
outras memorias disponiveis na placa DE1, o que permitiria aumentar a resolugao e o

numero de cores, mas para tanto, é necessario alterar o codigo

Para escrever o pixel desejado, além da cor escolhida no sinal data_in, deve-se
calcular a posigao desejada (enviada através do sinal write_addr), que nada mais é do que
um numero da natural resultante do produto das posicoes vertical e horizontal do pixel

na tela. A Tabela |l| descreve a associacao dos sinais de entrada e os pinos.

Tabela 1: Associacido de Pinos de Entrada do vgacon.

Sinal de Entrada Pino
clk27M D12
rstn R22

1.1.3 Sinais de Saida

O sinal vga_clk é um sinal que nao precisa ser associado a pino de saida algum da
placa DE1, portanto, sua nao utilizagao nao compromete o funcionamento do componente.

Seu usa fica restrito a leitura de sinal, o que normalmente nao apresenta necessidade.

Os sinais de saida conforme as linhas 90 e 91 do cddigo [I| serao associados ao
pinos de saida da placa DE1 conforme a Tabela 2l Os sinais hsync e vsync sao sinais de
sincronizacao e calculados pelo componente a partir do clock de entrada. Como pode-se
ver, existem 12 bits para cores (4 bits para cada: Red, Green e Blue), ou seja, 4Ki cores.
A despeito disso, o vgacon sé trabalha com 8 cores por conta do uso de uma memoria

limitada.
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Tabela 2: Associacdo de Pinos de Saidas do vgacon.

Sinal de saida Pino

red|[3]
red[2]
red[1]
red[0]

3

B7
AT
C9
D9
A8
B9
C10
B8
B10
A10
D11
A9
All
B11
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2 Exemplo

O exemplo é mostrado no cdédigo 2l Seu funcionamento é bem simples: uma linha
azul percorre a tela preta enquanto a chave (switch) 0 da placa DE1 nao estd ativa.
Quando ativada, a linha para de percorrer a tela e um pixel verde é pintado na posicao

de parada.

Observando as linhas 31, 32, 41 e 42 nota-se que a resolugao da tela nao é a padrao
do componente vgacon, isto é, o arquivo .mif original foi alterado. As linhas 57 a 75
descrevem um processo para divisao da frequéncia do sinal clk27M da entidade test. Esse

novo clock (slow_clock) é usado para escrever os pizels azuis no video.

O processo descrito entre as linhas 78 e 93 controla o funcionamento do exemplo.
A cada borda de subida do slow_clock o endereco é acrescido de uma posicao e um pixel
azul é escrito. Para executar o exemplo é necessario a atribuicao dos pinos mostrada na

Tabela [3, ou importar o arquivo vga_tutorial_pin_assignments.csv no Quartus.

Tabela 3: Associacdo de Pinos do Exemplo.

Sinal Pino  Tipo
clk2™ E12 Entrada
reset T21 Entrada
switch L2 Entrada
VGAR[3] B7 Saida
VGAR[2] A7 Saida
VGAR[1] €9 Saida
VGA_R[0] D9 Saida
VGA_G[3] A8 Saida
| B9 Saida
]
]
]
]
]
]

VGA_G[1] C10 Saida
VGA_G|0 B8 Saida
VGA_B[3] BI10 Saida
VGA_B[2] A10 Saida
VGA_BJ1] DI11 Saida
A9 Saida
VGA_HS All Saida
VGA_VS BIl1 Saida
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3 Exercicio Propostos

1. Altere o exemplo para que a linha azul percorra a tela na vertical, ao invés de

percorrer a tela na horizontal.

2. Altere o exemplo para que a linha percorra a tela de forma obliqua e, além disso,

altere as cores das linhas em algum momento.
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A Cobdigos VHDL

A.1 Componente VGACON

Cédigo VHDL 1: vgacon.vhd

— Tatle : VGA Controller for DE1 boards
— Project

— File : wgacontop .vhd

— Auwuthor : Rafael Auler

— Company

— Created : 2010—-03—-21

— Last update: 2010—03—26

—— Platform

— Standard : VHDL’2008

Description :

Copyright (c) 2010

Revisions :

Date Version
2010—03—21 1.0
2010—03—26 1.1
2010—03—26 1.2

Author
Rafael
Rafael
Rafael

Auler
Auler
Auler

Description
Created

Working 64x60 display w/ internal mem.

Working with arbitrary res. (up to
640x480, tied to on—chip memory

availability ).

Defaults to 128z96.

How sync signals are generated for 640x480

Note: sync signals

are

active low

Horizontal sync:

< =
640
< >
660
<
756
<
800

Vertical sync:

— < =

— 480

— < >

— 494

— < >

— 495

— < >
— 525

— Notes:

write_clk , write_addr,
write to this controller memory and thus

write_enable and data_in are

input signals used to
altering the displayed image on VGA.

Codigos VHDL
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— “data_-in” has 8 bits and represents a single image pizel.
— (high bit for RED, middle for GREEN and lower for BLUE — total of 8 colors).

— These signals follow simple memory write protocol (we=1 writes

— data-in to address (pizel number) write_addr. This last signal may assume
— NUM_HORZ_PIXELS % NUM_VERT_PIXELS different wvalues, corresponding to each
— one of the displayable pizels.

library ieee;
use ieee.std_logic_1164.all;

entity vgacon is
generic (
—  When changing this, remember to keep 4:3 aspect ratio
—  Must also keep im mind that our native resolution is 640x480, and
— wyou can’t cross these bounds (although you will seldom have enough
— on—chip memory to instantiate this module with higher res).

NUM_HORZ_PIXELS : natural := 128; —— Number of horizontal pizels

NUM_VERT_PIXELS : natural := 96); —— Number of wvertical pizels
port (

clk27M, rstn : in std_logic;

write_clk, write_enable : in  std_logic;

write_addr : in integer range 0 to

NUM_HORZ_PIXELS * NUM_VERT_PIXELS - 1;

data_in : in  std_logic_vector (2 downto 0);

vga_clk : buffer std_logic; — Ideally 25.175 MHz

red, green, blue : out std_logic_vector (3 downto 0);

hsync, vsync : out std_logic);

end vgacon;

architecture behav of vgacon is
— Two signals: one is delayed by one clock cycle. The monitor control wuses
— the delayed one. We need a counter 1 clock cycle earlier, relative
—— to the monitor signal, in order to index the memory contents
— for the mnext cycle, when the pixel is in fact sent to the monitor.
signal h_count, h_count_d : integer range 0 to 799; —— horizontal counter
signal v_count, v_count_d : integer range O to 524; — wertical counter
— We only want to address HORZ*VERT pixzels in memory
signal read_addr : integer range O to NUM_HORZ_PIXELS * NUM_VERT_PIXELS - 1;

signal h_drawarea, v_drawarea, drawarea : std_logic;
signal data_out : std_logic_vector (2 downto 0);
begin —— behav

— This is our PLL (Phase Locked Loop) to divide the DEl 27 MHz
—— clock and produce a 25.2MHz clock adequate to our VGA controller
divider: work.vga_pll port map (clk27M, vga_clk);

— This is our dual clock RAM. We use our VGA clock to read contents from
— memory (pizel color wvalue). The user of this module may use any clock
— to write contents to this memory, modifying pizels individually.
vgamem : work.dual_clock_ram
generic map (

MEMSIZE => NUM_HORZ_PIXELS * NUM_VERT_PIXELS)
port map (

read_clk => vga_clk,
write_clk => write_clk,
read_address => read_addr,
write_address => write_addr,
data_in => data_in,
data_out => data_out,

we => write_enable);

— purpose: Increments the current horizontal position counter
— type : sequential

— inputs : wga-clk, rstn

— outputs: h_count, h_count_d

horz_counter: process (vga_clk, rstn)

begin —— process horz_counter
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132 if rstn = ’0’ then — asynchronous reset (active low)
133 h_count <= 0;

134 h_count_d <= 0;

135 elsif vga_clk’event and vga_clk = ’1’ then — rising clock edge
136 h_count_d <= h_count; — 1 clock cycle delayed counter
137 if h_count = 799 then

138 h_count <= 0;

139 else

140 h_count <= h_count + 1;

141 end if;

142 end if;

143 end process horz_counter;

144

145 — purpose: Determines if we are in the horizontal ”drawable” area
146 — type : combinational

147 — inputs : h_count_d

148 — outputs: h_drawarea

149 horz_sync: process (h_count_d)

150 begin — process horz_sync

151 if h_count_d < 640 then

152 h_drawarea <= ’1°;

153 else

154 h_drawarea <= ’07;

155 end if;

156 end process horz_sync;

157

158 — purpose: Increments the current vertical counter position

159 — type : sequential

160 —— 4nputs : wvga_clk, rstn

161 — outputs: wv_count, v_-count_-d

162 vert_counter: process (vga_clk, rstn)

163 begin —— process wvert_counter

164 if rstn = ’0’ then —— asynchronous reset (active low)
165 v_count <= 0;

166 v_count_d <= 0;

167 elsif vga_clk’event and vga_clk = ’1’ then — rising clock edge
168 v_count_d <= v_count; — 1 clock cycle delayed counter
169 if h_count = 699 then

170 if v_count = 524 then

171 v_count <= 0;

172 else

173 v_count <= v_count + 1;

174 end if;

175 end if;

176 end if;

177 end process vert_counter;

178

179 — purpose: Updates information based on wvertical position

180 — type : combinational

181 —— inputs : wv_count_-d

182 — outputs: v_-drawarea

183 vert_sync: process (v_count_d)

184 begin — process wvert_sync

185 if v_count_d < 480 then

186 v_drawarea <= ’17;

187 else

188 v_drawarea <= ’07;

189 end if;

190 end process vert_sync;

191

192 —— purpose: Generates synchronization signals

193 — type : combinational

194 — idnputs : wv_count_d, h_count_d

195 — outputs: hsync, wvsync

196 sync: process (v_count_d, h_count_d)

197 begin — process sync

198 if (h_count_d >= 659) and (h_count_d <= 755) then

199 hsync <= °07;

200 else

201 hsync <= ’17;
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end if;
if (v_count_d >= 493) and (v_count_d <= 494) then
vsync <= ’0’;
else
vsync <= ’17;
end if;
end process sync;

— determines whether we are in drawable area on screen a.t.m.
drawarea <= v_drawarea and h_drawarea;

— purpose: calculates the controller memory address to read pizel data
— type : combinational
— inputs : h_count, wv_-count
— outputs: read_addr
gen_r_addr: process (h_count, v_count)
begin —— process gen_r_addr
read_addr <= h_count / (640 / NUM_HORZ_PIXELS)
+ ((v_count /(480 / NUM_VERT_PIXELS))

* NUM_HORZ_PIXELS);

end process gen_r_addr;

— Build color signals based on memory output and ”drawarea” signal
— (if we are not in the drawable area of 640x480, must deassert all
— color signals).

red <= (others => data_out(2) and drawarea);

green <= (others => data_out (1) and drawarea);

blue <= (others => data_out (0) and drawarea) ;

end behav;

— The following entity is a dual clock RAM (read operates at different

— clock from write). This is used to isolate two clock domains. The first
— is the 25.2 MHz clock domain in which our VGA controller needs to operate.
— This is the read clock, because we read from this memory to determine

— the color of a pizel. The second is the clock domain of the user of this
— module, writing in the memory the contents it wants to display in the VGA.

library ieee;
use ieee.std_logic_1164.all;

entity dual_clock_ram is

generic (
MEMSIZE : natural);

port (
read_clk, write_clk : in  std_logic; — support different clocks
data_in : in  std_logic_vector (2 downto 0);
write_address, read_address : in integer range 0 to MEMSIZE - 1;
we : in  std_logic; — write enable
data_out : out std_logic_vector (2 downto 0));

end dual_clock_ram;

architecture behav of dual_clock_ram is
— we only want to address (store) MEMSIZE elements
subtype addr is integer range O to MEMSIZE - 1;
type mem is array (addr) of std_logic_vector (2 downto 0);
signal ram_block : mem;
— we don’t care with read after write behavior (whether ram reads
— old or new data in the same cycle).

attribute ramstyle : string;

attribute ramstyle of dual_clock_ram : entity is "no_rw_check";

attribute ram_init_file : string;

attribute ram_init_file of ram_block : signal is "vga_mem.mif";
begin — behav

10
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— purpose: Reads data from RAM
— type : sequential

—— dnputs : read_clk, read_address
— outputs: data-out

read: process (read_clk)

begin —— process read
if read_clk’event and read_clk = ’1° then — 7rising clock edge
data_out <= ram_block(read_address);
end if;

end process read;

—— purpose: Writes data to RAM
— type : sequential
— inputs : write_clk , write_address
— outputs: ram-block
write: process (write_clk)
begin — process write
if write_clk’event and write_clk = 21’ then —— rising clock edge
if we = ’1’ then
ram_block(write_address) <= data_in;
end if;
end if;
end process write;

end behav;

— The following entity is automatically generated by Quartus (a megafunction).

— As Altera DE1 board does not have a 25.175 MHz, but a 27 Mhz, we
— instantiate a PLL (Phase Locked Loop) to divide out 27 MHz clock
— and reach a satisfiable 25.2MHz clock for our VGA controller (14/15 ratio)

LIBRARY ieee;
USE ieee.std_logic_1164.all;

LIBRARY altera_mf;
USE altera_mf.all;

ENTITY vga_pll IS

PORT

(
inclkO0 : IN STD_LOGIC := °07;
cO : OUT STD_LOGIC

)

END vga_pll;

ARCHITECTURE SYN OF vga_pll IS

SIGNAL sub_wireO : STD_LOGIC_VECTOR (5 DOWNTO O0);
SIGNAL sub_wirel : STD_LOGIC ;

SIGNAL sub_wire2 : STD_LOGIC ;

SIGNAL sub_wire3 : STD_LOGIC_VECTOR (1 DOWNTO O0);
SIGNAL sub_wire4_bv : BIT_VECTOR (0 DOWNTO O0);
SIGNAL sub_wire4 : STD_LOGIC_VECTOR (O DOWNTO O0);

COMPONENT altpll

GENERIC (
clkO_divide_by : NATURAL;
clkO_duty_cycle : NATURAL;
clkO_multiply_by : NATURAL;
clkO_phase_shift : STRING;
compensate_clock : STRING;
inclkO_input_frequency : NATURAL;
intended_device_family : STRING;
lpm_hint : STRING;

11
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lpm_type STRING;
operation_mode STRING;
port_activeclock : STRING;
port_areset STRING;
port_clkbadO STRING;
port_clkbadl STRING;
port_clkloss STRING;
port_clkswitch STRING;
port_configupdate : STRING;
port_fbin STRING;
port_inclkO STRING;
port_inclkl STRING;
port_locked STRING;
port_pfdena STRING;
port_phasecounterselect : STRING;
port_phasedone STRING;
port_phasestep STRING;
port_phaseupdown : STRING;
port_pllena STRING;
port_scanaclr STRING;
port_scanclk STRING;
port_scanclkena : STRING;
port_scandata STRING;
port_scandataout : STRING;
port_scandone STRING;
port_scanread STRING;
port_scanwrite STRING;
port_clkO STRING;
port_clkl STRING ;
port_clk2 STRING;
port_clk3 STRING;
port_clk4 STRING;
port_clkb : STRING;
port_clkena0 : STRING;
port_clkenal STRING;
port_clkena2 STRING;
port_clkena3 STRING;
port_clkena4 STRING;
port_clkenab STRING;
port_extclkO STRING;
port_extclkl STRING;
port_extclk?2 STRING;
port_extclk3 STRING

)
PORT (

inclk : IN STD_LOGIC_VECTOR (1 DOWNTO 0);

clk : OUT STD_LOGIC_VECTOR (5 DOWNTO O0)

)
END COMPONENT;

BEGIN

sub_wire4_bv (0 DOWNTO 0) <= "O";

sub_wire4d <= To_stdlogicvector (sub_wire4_bv);
sub_wirel <= sub_wire0 (0) ;

cO <= sub_wirel;

sub_wire?2 <= inclkO;

sub_wire3 <= sub_wire4 (0 DOWNTO O0) & sub_wire2;

altpll_component
GENERIC MAP (

altpll

clkO_divide_by => 15,
clkO_duty_cycle => 50,
clkO_multiply_by => 14,

clkO_phase_shift => "O",
compensate_clock => "CLKO",

inclkO_input_frequency
intended_device_family

lpm_hint => "CBX_MODULE_PREFIX=vga_pll",

lpm_type => "altpll",

=> 37037,
=> "Cyclone II",

operation_mode => "NORMAL",

12
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port_activeclock => "PORT_UNUSED",

port_areset =>
port_clkbad0O =>
port_clkbadl =>
port_clkloss =>

"PORT_UNUSED",
"PORT_UNUSED",
"PORT_UNUSED",
"PORT_UNUSED",

port_clkswitch => "PORT_UNUSED",
port_configupdate => "PORT_UNUSED",
port_fbin => "PORT_UNUSED",

port_inclkO0 =>
port_inclkl =>
port_locked =>
port_pfdena =>

port_phasecounterselect => "PORT_UNUSED",
=> "PORT_UNUSED",
=> "PORT_UNUSED",

port_phasedone
port_phasestep

"PORT_USED",
"PORT_UNUSED",
"PORT_UNUSED",
"PORT_UNUSED",

port_phaseupdown => "PORT_UNUSED",

port_pllena =>

"PORT_UNUSED",

port_scanaclr => "PORT_UNUSED",

port_scanclk =>

"PORT_UNUSED",

port_scanclkena =>

"PORT_UNUSED",

port_scandata =>
port_scandataout

"PORT_UNUSED",
=> "PORT_UNUSED",

port_scandone => "PORT_UNUSED",
port_scanread => "PORT_UNUSED",

port_scanwrite => "PORT_UNUSED",

port_clkO => "PORT_USED",
port_clkl => "PORT_UNUSED",
port_clk2 => "PORT_UNUSED",
port_clk3 => "PORT_UNUSED",
port_clk4 => "PORT_UNUSED",
port_clk5 => "PORT_UNUSED",
port_clkenaO => "PORT_UNUSED",
port_clkenal => "PORT_UNUSED",
port_clkena2 => "PORT_UNUSED",
port_clkena3 => "PORT_UNUSED",
port_clkena4 => "PORT_UNUSED",
port_clkenab => "PORT_UNUSED",
port_extclk0 => "PORT_UNUSED",
port_extclkl => "PORT_UNUSED",
port_extclk2 => "PORT_UNUSED",
port_extclk3 => "PORT_UNUSED"

)

PORT MAP (
inclk => sub_wire3,
clk => sub_wireO

)

END SYN;

A.2 Exemplo

Cédigo VHDL 2: Exemplo, arquivo: test.vhd.

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

ENTITY test IS

PORT (
switch : IN STD_LOGIC;
clk27M : IN STD_LOGIC;
reset : IN STD_LOGIC;

VGA_R, VGA_G, VGA_B : 0OUT STD_LOGIC_VECTOR (3 DOWNTO O);
0UT STD_LOGIC

VGA_HS, VGA_VS
) 3§
END ENTITY;

13
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14 ARCHITECTURE behavior OF TEST IS

15 COMPONENT vgacon IS

16 GENERIC (

17 NUM_HORZ_PIXELS : NATURAL := 128; — Number of horizontal pixzels

18 NUM_VERT_PIXELS : NATURAL := 96 — Number of wertical pizels

19 ) 8

20 PORT (

21 clk27M, rstn : IN STD_LOGIC;

22 write_clk, write_enable : IN STD_LOGIC;

23 write_addr : IN INTEGER RANGE O TO NUM_HORZ_PIXELS * NUM_VERT_PIXELS -
ig

24 data_in : IN STD_LOGIC_VECTOR (2 DOWNTO O0);

25 red, green, blue : OUT STD_LOGIC_VECTOR (3 DOWNTO O0);

26 hsync, vsync : 0UT STD_LOGIC

27 ) 8

28 END COMPONENT;

29

30 CONSTANT CONS_CLOCK_DIV : INTEGER := 1000000;

31 CONSTANT HORZ_SIZE : INTEGER := 160;

32 CONSTANT VERT_SIZE : INTEGER := 120;

33

34 SIGNAL slow_clock : STD_LOGIC;

35

36 SIGNAL clear_video_address ,

37 normal_video_address ,

38 video_address : INTEGER RANGE O TO HORZ_SIZE *x VERT_SIZE - 1;

39

40 SIGNAL clear_video_word ,

41 normal _video_word ,

42 video_word : STD_LOGIC_VECTOR (2 DOWNTO O);

43

44 TYPE VGA_STATES IS (NORMAL, CLEAR);

45 SIGNAL state : VGA_STATES;

46 BEGIN

47 vga_component: vgacon

48 GENERIC MAP (

49 NUM_HORZ_PIXELS => HORZ_SIZE,

50 NUM_VERT_PIXELS => VERT_SIZE

51 ) PORT MAP (

52 clk27M => clk27M ,

53 rstn => reset ,

54 write_clk => clk27M s

55 write_enable => ’1° s

56 write_addr => video_address,

57 data_in => video_word ,

58 red => VGA_R ,

59 green => VGA_G 5

60 blue => VGA_B ,

61 hsync => VGA_HS ,

62 vsync => VGA_VS

63 DE;

64

65 video_word <= normal_video_word WHEN state = NORMAL ELSE clear_video_word;

66

67 video_address <= normal_video_address WHEN state = NORMAL ELSE clear_video_address;

68

69 clock_divider:

70 PROCESS (clk27M, reset)

71 VARIABLE i : INTEGER := 0;

72 BEGIN

73 IF (reset = ’0’) THEN

74 i := 0;

75 slow_clock <= ’07;

76 ELSIF (rising_edge(clk27M)) THEN

7 IF (i <= CONS_CLOCK_DIV/2) THEN

78 i =i + 1;

79 slow_clock <= ’0°;

80 ELSIF (i < CONS_CLOCK_DIV-1) THEN

81 i =i + 1;

82 slow_clock <= ’17;

14
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ELSE
i := 0;
END IF;
END IF;
END PROCESS;

vga_clear:
PROCESS (cl1lk27M, reset, clear_video_address)
BEGIN
IF (reset = ’0’) THEN
state <= CLEAR;
clear_video_address <= 0;
clear_video_word <= "000";
ELSIF (rising_edge(clk27M)) THEN
CASE state IS
WHEN CLEAR =>
clear_video_address <= clear_video_address + 1;
clear_video_word <= "000";
IF (clear_video_address < HORZ_SIZE * VERT_SIZE-1)
state <= CLEAR;
ELSE
state <= NORMAL;
END IF;
WHEN NORMAL =>
state <= NORMAL;
END CASE;
END IF;
END PROCESS;

vga_writer:
PROCESS (slow_clock, reset, normal_video_address)
BEGIN

IF (reset = ’0’) THEN
normal_video_address <= 0;
normal_video_word <= "000";

ELSIF (rising_edge(slow_clock)) THEN
CASE switch IS
WHEN 21 =>

normal_video_address <=

normal_video_address + 1;

normal_video_word <=
WHEN OTHERS =>
normal_video_word <=
END CASE;
END IF;
END PROCESS;
END ARCHITECTURE;

"o01" ;

"010";
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