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13.1 VGAESLAE 5 B nEmlgs il

[ $113-1]

LIBRARY IEEE; -- VGAERRE B4 KAER
USE IEEE.STD LOGIC 1164 .ALL;

USE I1EEE.STD LOGIC_UNSIGNED.ALL;
ENTITY COLOR IS

PORT ( CLK, MD : IN STD LOGIC;
HS, VS, R, G, B : OUT STD LOGIC ); -- 1rRLHra, %, =
END COLOR;
ARCHITECTURE behav OF COLOR IS
SIGNAL HS1,VS1,FCLK,CCLK - STD_LOGIC;

SIGNAL MMD : STD_LOGIC_VECTOR(1 DOWNTO 0);-- HFRik#

SIGNAL FS : STD_LOGIC_VECTOR (3 DOWNTO 0);

SIGNAL CC : STD_LOGIC_VECTOR(4 DOWNTO 0); --4TRI3B/HEEL&HE/M
SIGNAL LL : STD_LOGIC_VECTOR(8 DOWNTO 0); --¥FZ/ BEL&ERR
SIGNAL GRBX : STD_LOGIC_VECTOR(3 DOWNTO 1);-- XEi¥4

SIGNAL GRBY : STD LOGIC VECTOR(3 DOWNTO 1);-- YR¥4

SIGNAL GRBP : STD LOGIC_VECTOR(3 DOWNTO 1);

SIGNAL GRB : STD LOGIC_VECTOR(3 DOWNTO 1);

BEGIN (BT



GRB(2) <= (GRBP(2) XOR MD) AND HS1 AND VS1;
GRB(3) <= (GRBP(3) XOR MD) AND HS1 AND VS1;
GRB(1) <= (GRBP(1) XOR MD) AND HS1 AND VS1;:
PROCESS( MD )

BEGIN
IF MD"EVENT AND MD = "0" THEN
IF MMD = 10" THEN MMD <= "'00";
ELSE MMD <= MMD + 1: END IF; ——=FE
END IF;
END PROCESS;
PROCESS( MMD )

BEGIN
IF MMD = "00" THEN GRBP <= GRBXj; - EFEREL
ELSIF MMD = 01" THEN GRBP <= GRBY; - EFEREL

ELSIF MMD = "10" THEN GRBP <= GRBX XOR GRBY; -—=AfH#H
ELSE GRBP <= "000'"; END IF;
END PROCESS;
PROCESS( CLK )
BEGIN
IF CLK"EVENT AND CLK = ®"1" THEN -- 13MHz 13%#i
IF FS = 13 THEN FS <= "0000";
ELSE FS <= (FS + 1); END IF;
END IF;
END PROCESS;
FCLK <= FS(3); CCLK <= CC(4);
PROCESS( FCLK )
BEGIN (BT I)



IF FCLK®EVENT AND FCLK = *1" THEN
IF CC = 29 THEN CC <= "00000";
ELSE CC <= CC + 1; END IF;
END IF;
END PROCESS:
PROCESS( CCLK )
BEGIN
IF CCLK"EVENT AND CCLK = "0" THEN
IF LL = 481 THEN LL <= "*000000000";
ELSE LL <= LL + 1; END IF;
END IF;:
END PROCESS:
PROCESS( CC,LL )
BEGIN
IF CC > 23 THEN HS1 <= "0";: --f7F%
ELSE HS1 <= "1"; END IF;
IF LL > 479 THEN VSl <= "0"; --%[%
ELSE VS1 <= "1": END IF:
END PROCESS:
PROCESS(CC, LL)
BEGIN
IF CC < 3 THEN GRBX <= "111"; -- H&EE4&
ELSIF CC < 6 THEN GRBX <= "110";
ELSIF CC < 9 THEN GRBX <= "101";
ELSIF CC < 13 THEN GRBX <= ''100";
ELSIF CC < 15 THEN GRBX <= "011";

(FE T IO



ELSIF CC < 18 THEN
ELSIF CC <
ELSE GRBX
IF;

END

IF
ELSIF
ELSIF
ELSIF
ELSIF
ELSIF
ELSIF

LL
LL
LL
LL
LL
LL
LL

NNNNNNNA

GRBX <=

21 THEN
"'000°

<=

60
130
180
240
300
360
420

THEN
THEN
THEN
THEN
THEN
THEN
THEN

ELSE GRBY <= "000';
1F;
END PROCESS;
HS <= HS1 ; VS <= VS1 ;R <= GRB(2) ;G <= GRB(3) ; B <= GRB(1);

END

END behav;

llololl;
GRBX <= "001";

GRBY
GRBY
GRBY
GRBY
GRBY
GRBY
GRBY

<=
<=
<=
<=

<=
<=

1117
"110";
"101";
"'100"";
"011";
"010";
""001"";

- BR4
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[ 113-2]

LIBRARY ieee; --BRERTERERF
USE 1eee.std _logic _1164.all;
ENTITY img IS

port
( clk50MHz : IN STD_LOGIC;
hs, Vs, r, g, b - OUT STD LOGIC );
END img;
ARCHITECTURE modelstru OF img IS
component vga640480 ~-VGA B iR

PORT(clk - IN STD_LOGIC;
rgbin - IN STD_LOGIC_VECTOR(2 downto 0);
hs, vs, r, g, b - OUT STD_LOGIC;
hcntout, ventout : OUT STD _LOGIC_VECTOR(9 downto 0)
end component;
component imgrom --EZHIEROM, FIELINL; Huhb£R1347
PORT(inclock : IN STD_LOGIC;
address : IN STD_LOGIC VECTOR(11l downto 0);
q - OUT STD_LOGIC_VECTOR(2 downto 0) );
end component;
signal rgb - STD LOGIC_VECTOR(2 downto 0);
signal clk25MHz : std_logic;
signal romaddr : STD_LOGIC_VECTOR(11l downto 0);
signal hpos, vpos : std_logic_vector(9 downto 0);
BEGIN
romaddr <= vpos(5 downto 0) & hpos(5 downto 0);
process(clk50MHz) begin
iT clkbOMHz"event and clkb50MHz = "1° then clk25MHz <= not clk25MHz ; end if;
end process;
1_vga640480 : vga640480 PORT MAP(clk => clk25MHz, rgbin => rgb, hs => hs,
VS => Vs, r =>r, g => g, b == b, hcntout => hpos, vcntout => vpos);
i_rom : imgrom PORT MAP(inclock => clk25MHz, address => romaddr, q => rgb);
END;



[#113-3]

LIBRARY I1EEE

use IEEE.std logic 1164 ._all;

use I1EEE.STD LOGIC UNSIGNED.ALL;
entity vga640480 is

port ( clk > in STD_LOGIC;

hs, VS, r,g,b - out STD LOGIC;

rgbin : 1n std logic _vector(2 downto 0);

hcntout,vcntout - out std logic vector(9 downto 0)
);

end vga640480;
architecture ONE of vga640480 1s
signal hcnt, vcnt - std _logic _vector(9 downto 0);
begin
hcntout <= hcnt; vcntout <= vcnt;
process(clk) begin
iIT (rising edge(clk)) then
1T(hcnt < 800) then hcnt <= hcnt + 1;
else hcnt <= (others => "0"); end i1f;
end 1f;
end process;
process(clk) begin
iIT (rising _edge(clk)) then
iIT (hent = 640+8 ) then
1f(vent < 525) then vent <= vent + 1;
else vcnt <= (others => "0%); end 1f;

(FE T IO



end 1f;
end 1f;
end process;
process(clk) begin
iIf (rising_edge(clk)) then
1F((hcnt>=640+8+8) and (hcnt<640+8+8+96 )) then hs<="0";
else hs <= "17; end 1f;
end i1f;
end process;
process(vcnt) begin
iIf ((vent >= 480+8+2) and (vcnt<480+8+2+2)) then vs <= "0";
else vs<="1"; end if;
end process;
process(clk) begin
iIf (rising_edge(clk)) then
IT (hcnt<640 and vcnt<480) then
r<=rgbin(2); g<=rgbin(l); b<=rgbin(0);
else r<="0"; g<="0"; b<="0"; end if;
end 1f;
end process;
end ONE;
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13.3 DRt 70 B4

6. AEAKUE

[%113-4] --JCAFCNT8
LIBRARY IEEE; —— 8t
USE 1EEE.STD LOGIC 1164 .ALL;
USE 1EEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT8 IS

PORT ( CLK : IN STD_LOGIC;

CQ : OUT STD LOGIC_VECTOR(3 DOWNTO 0)):

END CNTS8;
ARCHITECTURE behav OF CNT8 IS

SIGNAL CQI : STD_LOGIC_VECTOR(4 DOWNTO 0);
BEGIN

PROCESS(CLK)

BEGIN

IF CLK"EVENT AND CLK = ®"1® THEN CQI <= CQI + 1; END IF;
END PROCESS;
CQ <= CQI(4 DOWNTO 1); EELE

END behav; KX




[ #]13-5] --JCfFDEC2
LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164 _ALL ;
ENTITY Dec2 IS
PORT ( CLK :- IN STD LOGIC;
A : IN STD LOGIC_VECTOR(1 DOWNTO 0) :
D : OUT STD LOGIC VECTOR(3 DOWNTO 0) ) ;
END ;
ARCHITECTURE one OF Dec2 IS
SIGNAL CQ : STD LOGIC VECTOR(1 DOWNTO 0);
BEGIN
PROCESS( CQ )
BEGIN
CASE CQ IS

WHEN ""00" => D <= "1001" ;
WHEN "01" => D <= "1100" ;
WHEN ""10" => D <= "0110" ;
WHEN 11" => D <= "0011" ;

WHEN OTHERS => NULL ;
END CASE ;
END PROCESS ;
PROCESS(CLK)
BEGIN
IF CLK"EVENT AND CLK = "1" THEN CQ <= A: END IF;
END PROCESS;
END ;



[%]13-6] --JCfFCNT24
LIBRARY I1EEE; —-— 243tHIVH g
USE 1EEE.STD LOGIC 1164 .ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT24 1S
PORT ( CLK,EN, U D : IN STD LOGIC;
CQ : OUT STD LOGIC VECTOR(4 DOWNTO 0));
END CNT24;
ARCHITECTURE behav OF CNT24 1S
SIGNAL CQI : STD LOGIC_VECTOR(4 DOWNTO 0);
BEGIN
PROCESS(CLK, EN, U D)
BEGIN
IF EN = "1" THEN CQI <= CQI;
ELSIF CLK"EVENT AND CLK = "1 THEN
IF UD = "1" THEN CQI <= CQIl + 1;
ELSE CQI<= CQI-1; END IF;
END IF;
END PROCESS;
CQ(4 DOWNTO 0) <= COQI;
END behav;

I\A
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6. AEAKUE

[$5113-71 --5AribEZEROM3H [EHE: pwm_1.mif, X, SLHE—HHIE

Bl —4T

WIDTH = 16;

DEPTH = 32;

ADDRESS RADIX = HEX;

DATA_RADIX = HEX;

CONTENT BEGIN

0:f000; 1:f600; 2:f900; 3:fc00; 4:ff00; 5:¢f00; 6:9f00; 7:6f00; 8:0f00;

9:0f60; a:0f90; b:0fcO; c:0ff0; d:0cfO; e:0af0; f:06f0; 10:00f0; 11:00f6;

13:0019;13:00fc; 14:00ff; 15:00cf; 16:009f; 17:006f; 18:000f; 19:600f;

1a:900f;1b:c00f; 1c:f00f; 1d:f00c; 1e:f009; 1f:f006;

END:;

KX/%/W#&



13.4 B HENLAIPWME ]

B FEATL A2 ) e B R =) 2

@ FPGATPWMALERHIE 5 =4 ik
@ FPGA I TVE/ME 1L F= I I/ e 3 7 [n) 3 ] Hi 8%

@ BB HEBAHYTA R IE & ¥ 2h R UK S) B B

KX/%Z%[&



13.4 E¥R

PWME ]

i”D Wl
T2 R L+ | pwnETE R
| bz
T1 I ;TE

7 A1) L s (

Al et E [
| ZE | ja%)mis )
TTEEL R

b

GHD

K|13-12 FPGAE. I EEALIX 542 1] 8 %

B BT

KX/%Z%[&



13.4 B HENLAIPWME ]

................................. Fﬂrﬂmeter HEIUE !
e eHAIM _=IZE '
e | EPM_PIPELINE
I L 1 LFIM_HEFIHESENTATIGN
LPM_COMPARE ™ roiwiots —
QNE_IMPUT IS5 COMSTAMT :
dataa[] agh gﬁTJTFTJT ............................ a gh .................................. :

K]13-13&13-147 flcmp3tE B Kxﬁwf#ﬁf



BATHERETIEHER

Hin Rl R AR

ODEETLL. .0]
O3 ..0] Y
=={a[3..0] agh
................................................................... Ig—'b[3 07
I R
utpur —
e LI
e e —
e CeouT QUTPUT P, "C4LT
: ST T T R T A
—|ESIN DOUTLLS . 0] —— —
T D
........................................................... —
i sutsur S —
"""""""" B e E iR
p— ;
i Juo—
i st s e 2 T e inztd i
] A — e — — g
-+ B A S
clkh

K|13-14 FPGA B Vi FEA L35 il A B

K)(/%ﬁf%ﬁf



[ $]13-8]
LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164 .ALL ;
USE 1EEE.STD LOGIC_UNSIGNED.ALL;
ENTITY DECD IS
PORT ( CLK : IN STD LOGIC;
DSPY : OUT STD _LOGIC_VECTOR(1 DOWNTO 0) ;
D : OUT STD LOGIC_VECTOR(3 DOWNTO 0) ) ;

END :
ARCHITECTURE one OF DECD IS
SIGNAL CQ : STD_LOGIC_VECTOR(1 DOWNTO 0);

BEGIN
PROCESS( CQ )
BEGIN
CASE CQ IS
WHEN 00" => D <= "0100" :
WHEN ""01" => D <= "0111" ;
WHEN ""10" => D <= "1011" ;
WHEN 11" => D <= "1111" ;
WHEN OTHERS => NULL ;
END CASE ;
END PROCESS :
PROCESS(CLK)
BEGIN

IF CLK"EVENT AND CLK = "1 then CQ <= CQ + 1; END IF;
END PROCESS;
DSPY<=CQ;
END ;



13.4 B HENLAIPWME ]

[%113-9]
LIBRARY IEEE; —— AR
USE IEEE.STD LOGIC 1164 _ALL;
USE 1EEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT5 IS
PORT ( CLK : IN STD LOGIC;
AA : OUT STD LOGIC VECTOR(4 DOWNTO 1));
END CNT5;
ARCHITECTURE behav OF CNT5 1S
SIGNAL CQI : STD _LOGIC _VECTOR(4 DOWNTO 0);
BEGIN
PROCESS(CLK)
BEGIN
IF CLK"EVENT AND CLK = "1 then CQI <= CQI + 1; END IF;
END PROCESS;
AA <= CQI(4 DOWNTO 1);
END behav;
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