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-- 10-bit adder/subtractor

an e et e -

library IEEE:;
use IEEE.std logic_l164.all;
entity AD_SUBRLC is

peort (A : in std_logic_vector($% downto 0
B : in std logic_vector (% downto 0
Cin : in std_logic;
ADD : in std_logic:

S
end AD_SUB10O;

-- behavioral implementation of the 8-bit adder

architecture BEHAVIORAL of AD_SUB10 is
begin
pl: proceas{A, B, Cin, ADD)

.
¥+

»
’

)
)

out std_logic_vector(9 downto 0)):

variable VSUM : std_logic vector(9 downto G}:

variable CARRY : std_logic;
variable TMP_A : std_legicy
begin

CARRY := Cin;

for £ in 0 to 9 loop

VSUM(i) := (A(i) xor B(i)} xor CARRY;

if (ADD = 'Q'} then
TMP_A := not{A{i)):
else
TMP_A := A(i):
end if;

CARRY := (TMP_A and B(i)) or (CRRRY and (TMP_A or B(il}}); -- Carry legic

end loop;

5 <= VYSUM;

end process pl;
end BEHAVIORAL;

~= FRRERRENORER ORI RN IR RN R R e

== Output of Sum or Subtract

-= Check operation command

0

<

~- ADD PULSE GENERATOR
~=- generate pulae for PWM 14-bit

library IEEE;
use IEEE.std logic_1164.all;

entity ADD_PLS is

e 2 e e T et

port (DATA_IN ! in std_logic_vector(é downto 0); -- input 7-bit
COUNT7HIGH : in std_logic_vector(6é downto 0); -~ counter 7-bit high order
COUNT7LOW : in std_loglc_vector (6 downto 0); =-- counter 7-bit low order
nPWMSBIT t in std_logic; ~- input from pwm 7-bit input
nPWM14BIT : ocut std_loglc); =-=- output pwm l4-bit

end ADD _PLS;

architecture RTL of ADD_FLS ia
signal GENPULSE : std_logic;

begin

process (PATA_IN, COUNTTHIGH, COUNT7LOW, nFWMORBIT)

870 Serles
begin
1f (COUNT7LOW = "1111111") then
for 1 in 0 to 6 loop
if (DATA_IN(i) = 'l1l*') then

if (COUNTTHIGH(6-i) = '1')

GENPULSE <= *0';
end if;
end 1f;
end loop;
else
GENPULSE <= '1';
end 1£;

== GENERATE PULSE SIGNAL

last cycle of 127

then
GENPULSE

if not last cycle, not GENPULSE

75

== develope from DATA TABLE TLCS~
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end process;
nPWM14BIT <= nPWMBBIT and GENPULSE; == QUTPUT

end RTL;
- Iiiliilﬁii*lﬁlililll0!!!"##!’!|llﬁilililillilllIliilllilllllilllii!lii#llli

library IEEE;
use IEEE.std logic_1l64.all;
entity ADD_SUBB 1is
port (A : in std_loglc_vector (7 downto 0]
B : in std_logic_vector(7 downto 0}
Cin : in std_logic:

+
!
Fy
¢

ADD : in std_logic:
5 : out std_logic vector{7 downto 0):
Cout : out std_logic):

end ADD_SUBS;

~~ behavioral implementation of the §-bit adder
architecture BEHAVIORAL of ADD_SUBE is
begin

pl: process(A, B, Cin, ADD)

variable VSUM : std_logic_vector (7 downto 0):

variable CARRY : std logicy

variable TMP_A : std_logic;

begin

CARRY := Cin;

for i in 0 to 7 locp

VsUM(i) := (A(i) xor B(i)] xor CARRY; == Qutput of Sum or Subtract

it (ADD = '0') then == Check operation command
TMP_A := not(A(l});
elae
THP_A := A(i}:
end if;
CARRY := (TMP_A and B{(i}) or (CARRY and (TMP_A or B(i))}; -- carry logic
end loop:

S <= V5UM;
Cout <= not (CARRY xor ADD);
end process pl;
end BEHAVIORAL;
~— ilIiiiliilﬂi#lililIiﬂllli!llilllﬁi!llIli!lll!!II!!!Iiillillililllillllliilil

-~ 9=pit adder/subtractor

library IEEE;

use IEEE.std_logic_l164.all;

entity ADD SUBRY is

port (A : in std_logic_vector (8 downto 0};

8 ¢ in std_logic_vector(8 downto 0):
Cin : in std_logic;
ADD : in std_logic;
5 : out std_logic_vector(8 downto 0));

end ADD_SUBY:

==~ behavioral implementation of the 9-bit adder
architecture BEHAVIORAL of ADD_SUBY is
begin

pl: procesa(A, B, Cin, RADD)

variable VSUM : std_logic_vector(8 downto 0};

variable CARRY : std_logic;

vacriable TMP_A : std_logic:

begin

CARRY := Cin;

for 1 in 0 to 8 loop

VSUM(i) := (A{l) xor B{i})) xor CARRY: ~-= Output of Sum or Subtract

if (ADD = '{'} then == Check operation command



TMP_R := not (A{i)};

else
TMP_A := A(i);
end if;
CARRY := (TMP_A and B(i)) or (CARRY and (TMP_A or B{ij}): -- Carry logic
end loop;
§ <= VSUM;

end process pl;
end BEHAVIORAL:;

T e R TS R R L AL R A TR E SR LA TR TR addy
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-- Generate Address signal

--------- B A= A e B D N A S A Y g B Y o O S B

library IEEE:

use IEEE.std_logic 1164.all;
Libraxy EXEMPLAR;

use exemplar,exemplar.all;

entity ADDR_OSD is

port {COL + in integer range O to 63;
SUB_COL : in integer range € to 15/
SUB_ROW : in integer range ¢ to 15;

THAL : in std logic;

PAGE : in std_logicy
DISP_ROW_NO : in integer range 0 to 3;
FIELD : in std_logic;
CODE : in std_logic_vector{7 downto 0};
ADDR : out std_logic_vector(l5 downto 0));

end ADDR_OSD;

architecture RTL of ADDR_OSD is
signal SUB_COL_BIT std_logic_vector (3 downto 0);

signal COL_BIT std_logic_vector(5 dewnte 0);
signal DISP_ROW_NO_BIT : atd_logic_vector(l downto 0}:

.
H
»
H

-- Integer to signed or unsigned vector
function int2evec {l: integer; size: integer :!= 32} raturn std_logic_vector is
variable result: std logic_vector(size-1 downto 0);
variable op: integer := 1;
variable neg_fl: boolean := false;
attribute synthesis_return of result:variable is "FEED_THROUGH" ;
begin
result := (size-1 downto 0 => *0');
if op < 0 then
op i=op * (=1});
neg_£1l := true;
end 1f;
for 1 in 0 to SIZE-1 loop
1f (op med 2) = 1 then
result (i} :e 1’
end if ¢
op i= op/f2 i
end loop ;
return result;
end intZevec;

begin
CcoL_BIT <= int2evec (COL,6);
SUB_COL_BIT <= intlevec(SUB_COL,d);
DISP_ROW_NO_BIT <= int2evec(DISP_ROW_WQ,2);

process (SUB_COL_BIT,COL_BIT,SUB_ROW, CODE, FIELD, DISP_ROW_NO_BXLT, THATL, PAGE)
begin

if (SUB_COL_BIT(3 downto 1) = "110") then -~ read code at SUE_ROW 12-13
ADDR(15 downto 12) <= "1111%;

ADDR(11) <= THAI;
ADDR(1G) <= PAGE;
ADDR(9 downto B8} <= DISP_ROW_NO_BIT;

ADDR{7 downteo 2} <= COL_BIT;

77
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if {SUB_ROW <= &) then
ADDR(1 downtoc 0) <= "Q0";
elsif (SUB_ROW <= 12) then
ADDR({1l downto 0} <= "Q1";

else
ADDR(1 downto 0} <= "10%;
end if;
elsif [SUB _COL_BIT(3 downto 1) = "111") then -- read font byte 1 at

SUB_ROW 14-153
ADDR{15 downto 14} <= "01%;
ADDR{13 downto 6} <= CODE;
ADDR(S downto 2} <= int2evec(SUB_ROW,4);

ADDR{1) <= FIELD;
ADDR (0) <m '01;
elsif (SUB_COL BIT(3 downto 1) = "011") then ~- read font byte 2 at
SUB_ROW 6-7
ADDR(15 deownto 14) <= "01";
RDDR({13 downto €6) <= CODE;
RDDR(5 downto 2} <= int2evec(SUB_ROW,4);
ADDR (1) <= FIELD;
ADDR(0) - <= '1';
end 1f;

end process;

end RTL;
- RN R RN RN R R RO R AR TR RN RN R ARAR R AR N RN RN RRENNANRES

-- Arithmatic Logic Shift Unit : ALRU

library IEEE;

use IEEE.std_loglic_l164.all;
Library EXEMPLAR;

use exemplar.exemplar.all;

entity ALRU is

port( X : in std logic_vector(? downto 0): == Left INPUT
Y : in std_logic_vector(7 downto 0); ~-=- Right INPUT
SEL : in std loglc_vector (3 downto 0}; == Select Operation Command
Cin : in astd logic; == Carry Flag input
R 3 cut std_logic_vector(7 downto 0); -- Result OUTPUT
FLAG: out std _loglic vector(l downto 0)); ~= Flag Register
-~ FLAG 1s (C,2Z)
~- Flag is C Carry flag
- 4 Zero flag
end ALRU;
architecture RTL of ALRU is
signal S t std_logic_vector(7 downto 0); -~ RDSUB Arithmatic Output
signal CO : std logic; -= ADSUB ocutput Carxy flag
signal R_TMP: std_loglc vector(7 downto 0); =-- ALRU output temporary Result : RLRU
temporary output
signal C i std logic: -- Carry flag temp
signal C_RDSU8 : std_logicy
component ADD _SUBS ~= add & subtrac unit with grouping signal
port (A : in std_logic_vector(?7 downto 0j);
B : in std_logic_vector({7 downto 0);
Cin : in std_logic;
ROD : in std_logic;
] ¢ out std_logic_vector(7 downto 0):
Cout : out std_logic):
end component;
begin .

ul : ADD_SUBE port map (A => X, B => Y, Cin w> C_ADSU8, ADD => SEL{0}, S => 8§,
Cout => CO):;

procesas{X,Y,5EL,3,C0,Cin)}
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begin
case SEL(2 downto 2) 1is
when "00" => -- Arithmetic unit
-- 0000 A-B sUB
-- 0001 A+ B ADD
== 0010 A-B - Cin suc
-- 0011 A+ B + Cin ADC
case SEL(1 downto 0) is
when "QO0" =>
C_ADSU8 <= '0';
C <= not(CO);
when "Ql" =>
C_ADSUB <= 'Q';
C <= CO;
when "10" =>
C_ADSUB <= Cin;
C <= CO;
when 11" s>
C_ADSUB <= Cin;
C <= CO;
when others => -- Never go to this case
C_ADSUB <= '0'; =
Chicwm 700
end case;
R_TMP <= S:
when "01" => -- Logic unit
== 0100 AND
-— 0l01 OR
== 0110 XOR
== 0111 MOVE R <= Y
case SEL{l downto {) is
when "00" =>
R_TMP <= X and Y}
when "01" =>
R_TMP <= X or Y;
when "10" =>
R_TMP <= X xor Y;
when "11" =>
R_TMP <= Y;
when others => =-- Never go to this case
R_TMP <= X;
end case;
C <= Cin;
C_ADSUB <= '0';
when "10" => —= {(Arithmatic) Shift unit
== 1000 ROL : Rotate Jleft
-= 1000 RLC : Rotate left with carry
-- 1010 ROR : Rotate right
== 1011 RRC : Rotate right with carry
case SEL(l downto 0} is
when 00" => =~ ROL
R_TMP(7 downto 1) <= X(6 downto 0);
R_TMP(0) <= A(7);
C <= Cin;
when “0l" => ~= RLC
R_TMP(7 downto 1) <= X(6 downto 0);
R_TMP (0) <= Cin;
C <= X(7);
when "10" => == ROR

R_TMP(7) <= X{0};

R_TMP{6 downto 0) <= X{7 downto 1):

C <= Cin;

when "11" => == RRC

R_TMP(7) <= Cin:

R _TMP(6 downto 0} <= X({7 downto 1);

C <= X{0);

when others => == Never go to this case

R_TMP <= "0QC000000";



C <=
end case;

IO.;

C_ADSU8 <= '0';
when others => . == llxx not use
R_TMP <= "00000000";
C_ADSUB <= '0';
C <= '0"';
end case;
end process;

process {R_TMP) =~ Check Zeroc flag

begin
if (R_TMP = "00000000"} then
FLAG(0) <= '1';
else
FLAG(Q} <= 'Q';
end 1f;

end process;

R <= R TMP;

FLAG(1] <= C; -- Carry flag

end RTL:

80
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Library IEEE;

use IEEE,Std_Logic_1164,all;
Library EXEMPLAR;

use exemplar.exemplar.all;

entity CAP_PRE is

port{CLK i in std_logic:
CAP_DATA : in std_logic:
FIELD : in std_logic:
H_SYNC i in std_logic:
V_SYNC t in atd_logic;
CLK_DIV2 t in std_logic:
nRESET : in std_logic;
STORE_DIR : in std_loglc:
IC_ADDR ¢ in std_logic_vector (3 downto 0};
DATA_IN ¢ in std_logic_vector(7 downto 0):
DATA_OUT : out std_logic_vector(7 downto 0);
Z_CT i out std_logic):

end CAP_PRE;
architecture NETLIST of CAP_PRE is

éomponent RST_DIV

port {COUNT255 : in integer range 0 to 1023;
ENABLE tin std_logic;
CAP_DATA ! in std_logic;
CLK_EN : out std_logic:
RST_DIV24 : out std_logic):

end component;

component DIV24

port ({(CLK in std_logic;

RESET i in std_loglc;
CLK_EN t in std_logic:
CLK_OuT i out std_logic);

end component;

component SHIFT19B

port (INPUT i in std_logics
SHIFT t in std_logic;
RESET ¢ in std_logics
START_BIT : out std_logic_vector(2 downto

== SERIAL INPUT

== SHIFT when go to HIGH

== RESET when data is read
0):



CHARL : out std_logic_vector(7 downto 0)
CHAR2 : out std_logic_vector(7 downto 0)

end component;

component COUNT255
port (RRESET : in std_logi¢; -- RESET
CLK : in std_logic; -- Clock
DATA255: out integer range 0 to 1023);
end component;

component COUNTSB
port {nRESET : in std_logic; -- RESET
CLK : in std_logic; =-- Clock
DATA9B: out integer range 0 to 511}:
end component;

compénent CAP_REG

-=- CHARACTOR No.l
-~ CHARACTOR No.2

port (CLK : in std_logic:
NRESET : in std_logie:
STORE_DIR : in std_logic;
IC_ADDR : in std_logic_vector(3 downto 0);
DATA_IN : in std_logic_wvector(? downto 0);

DATA_OQUT : out std_logic_vector (7 downto 0j}:

Z_CT ¢ out std_logic;
RESET_CAP : out std logicy
NEW_DAT_FLAG : in std_logic;
CHARL : in std_logic_vector (7 dewnto 0);
CHARZ t in std_logic_vector (7 downto 0));
end component;
signal ENABLE ¢ std_logic;
signal CLK_EN : std_logic:

signal RST_DIV24: std_logic;
signal CAP_CLK : std_logic;
signal START_BIT: std_logic_vector{2 downto 0):

signal LINE : integer range 0 teo 511;
signal H_COUNT : integer range 0 to 255;

signal RESET_CA?P : std_logic;

signal NEW_DAT_FLAG : std_logic;

signal CHARI1 v std_logic_vector(7 downto 0);
signal CHARZ2 : std_logic_vector(7 downto 0):

begin

ul : RST_DIV port map {(H_COUNT, ENABLE, CAP_DATA, CLK_EN, RST_DIV24};
u2 : DIV24 port map (CLK, RST_DIV24, CLK_EN, CAP_CLK);
u3 : SHIFT19B port map (CAP_DATA, CAP_CLK, RESET CAF, START_BIT, CHARL, CHAR2);:

ud : COUNT255 port map (H_SYNC, CLX, H_COUNT);
uS : COUNTYB port map (V_SYNC, K_SYNC, LINE};

ué : CAP_REG port map (CLK_DIVZ, nRESET, STORE_DIR, IOQ_ADDR,

&_CT, RESET_CAP, NEW_DAT_FLAG, CHAR1, CHAR2);

process (LINE, FIELD, START_BIT)
begin
if (LINE = 3} and (FIELD = '0') then
ENABLE <= V11,
NEW_DAT_FLAG <m 10
elsit {START_BIT = "100"} then

ENABLE <m 10t

NEW_DAT_FLAG <= '1';
else

ENABLE <= 'Q°';

NEW_DAT_FLAG <m '0';
end if;

end process;

end NETLIST:

DATA_IN,

81

DATA_OUT,

-~ line 15+3 = 18 cdd field
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library IEEE:

use IEEE.std_logic_1164.all;
Library EXEMPLAR;

use exemplar.exemplar.all;

entity CAP_REG is

port (CLK ¢ in std_logic:
nRESET : in std_logic:
STORE_DIR : in std_logic;
I0_ADDR : in std_logic_vector(3 downto 0);
DATA_IN : in std_logic_vector(7 downto 0};
DATA_OUT : out std_logic_vector(7 downto 0}:
Z_CT 1 out std_logic;

RESET_CAP : out std_logic:

WEW_DAT FLAG : in std logic;

CHAR1 in std_logic_vector{7 downto 0};

CHAR2 in std_logic_vector(7 downto 0));
end CAP_REG;

architecture RTL of CAP REG is
begin r

process(CLK,nRESET,IO_ADDR,STORE_DIR)
begin
if (nRESET = '0'} then
DATA_OUT <= "00000000";
zZ_CT <= 117;
RESET_CAP <= '0';
elsif (CLK = '0') and {(CLK'event) then
if (STORE DIR = 11') then -~ STORE DATA
if (IO_ADDR = "0000") then
RESET_CAP <m DATA_IN(T);
end if;

Z_CT <m 1Y
else == LOAD DATA
if (IO _ADDR = "0001"} then
DATA_OUT <= CHAR1;
Z_CT <= 'Q';
elsif (I0_ADDR = "0010") then
DATA_QUT <= CHAR2;
Z_CT <= '0';
elslf (IO_ADDR = "0100") then
DATA_OUT <= "Q000000"&NEW_DAT FLAG:

Z_CT <= '0';
elae
Z_CT <m 110
end 1f;
end 1f;
end if;

end process;
end RTL;
== RN AR T RV O RO RN RO RN RN R R R R RO R RN RN R

library IEEE;:
use IEEE.std_logic_l16€4.all:
entity CMP_R PK is

port ( ROW_REGO in integer range 0 to 15;

ROW_REG1 : in integer range 0 to 15;
ROW_REG2 : in integer range 0 to 15:
ROW_REG3 t in integer range 0 to 15;
ROW i in integer range 0 to 15;
DISP_ROW : out integer range 0 to 3;
HALT : out std_logic):

end CMP_R_PK;
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architecture RTL of CMP_R_PK is

signal CORRECT_GR : std_logic_vector (3 downto 0);

component CMP_ROW

port ( ROW_REG in integer range 0 to 15;
ROW in integer range 0 to 15;
CORRECT : out std_logic);

end component;

component GN_DSP_R

port (CORRECT_GR : in std_logic_vector(3 downto 0}:
DISP_ROW : out integer range 0 to 3;
HALT + out std_logic);

end component;

begin

ul : CMP_ROW port map (ROW_REGOD, ROW, CORRECT_GR(0}):
u2 ;: CMP_ROW port map (ROW_REGl, ROW, CORRECT GR{1l});
u3 : CMP_ROW port map {(ROW_REG2, ROW, CORRECT GR(2));
ud4 : CMP_ROW port map (ROW_REG3, ROW, CORRECT_GR(3});
uS : GN_DSP_R port map {CORRECT_GR, DISP_ROW, HALT);

end RTL;
- I*l#lIlIﬂlllii*lﬂiil'i*llIll'iliﬂllillili*lIGﬂillIllll*ﬂlﬂ#lﬂilﬂll*l*lIﬁlili

== [OW comparator

oy e ko o T N R = T D N e

library IEEE;

use IEEE.std _logic_l164.all;

entity CMP_ROW 1is

port | ROW_REG : in integer range 0 to 15;
ROwW t in integer range 0 to 15;
CORRECT : out std_logic);

end CMP_ROW;

architecture RTL of CMP_ROW is

begin
process (ROW_REG, ROW}
begin
1f (ROW_REG /= ROW) or {(ROW = 2} then -- disable when ROW = 2
CORRECT <= '0*';
else ~= compare ROW
CORRECT <= '1';
end if;

end process;
end RTL:
- lilﬂllii#lilillIiiil#ﬁilﬂlilliillIlilHlIil#ﬁllﬂilllil#llﬁllilﬂ*#l#Dﬂlﬁﬂi#llﬂ

-- 7-bit comparator in PWM

L . e e S T o T . P L o e Ak e

library IEEE;
use IEEE,std_logic_il64.all;

entity CMP7B is

port {CLK t in std_logic;
COUNT? t in std_logic_ vector(s downto 0}; -- counter 7-bit
DATA_IN { in std_logic_vector(é downto 0): == input value
nP¥M_OUT i out std_logic):

end CMP7B;

architecture RTL of CMP7B is
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begin

process (COUNT7, DATA_IN)
begin -- if complete cycle, input value not equ 0 RESET it
if (COUNT7 = "0000000") and (DATA_IN /= "000QQ0C") then
NPWM_OUT <= '0%;

else
if (COUNT7 < DATA_IN) then
nPWM_OUT <= *'Q'; == < threshold
else
nPWM_OUT <= *'1'; == > threshold
end if;
end if;

end process;

end RTL;
S BB RN NA RN R RN NN RN RA NN RN RN RN BRA PRI BN TR RN

library IEEE;

use IEEE.std logic_l164.all;
Library EXEMPLAR;

use exemplar.exemplar,all;

entity CMPSTH is
port (DATTB_IN

LOGIC_OUT
end CMPS7B;

in std logic _vector{l downto Q0}; -- 2 msb of dat7b
out std_legic):

architecture RTL of CMPSTB is
begin

process (DAT7B_IN)
begin
if {PAT7B_IN = "Ql1") then -- range 20h to 3Fh (logic low)
LOGIC_OUT <= '0';
elsif (DAT7B_IN = "11"} then == range 60h to 7Fh ({loglc high)
LOGIC_QUT <= '1';
end 1if;
end process;

end RTL;
= RENRREAEONENP RN RA RN NRT N RARN RN RN RN RN T RN

Library IEEE;

use IEEE.Std_Logic_1164.,all:
Library EXEMPLAR;

use exemplar.exemplar.all;

entity COUNTIOB is
port (nRESET : in std logic; =- RESET
CLK ! in std_logic; -~ Clock
DATALOB: out integer range 0 to 1023);
end COUNT10B;

architecture RTL of COUNT10B is
signal COUNT : integer range 0 to 1023;

begin
process (CLK,nRESET)
begin
if (nRESET = 'Q') then
COUNT <= 0Q; .
elaif (CLK = '1') and {CLK'event) then
1f (COUNT = 1023) then
COUNT <= 0;
else
COUNT <= COUNT + 1;



end if;
end if;
end process;

DATA10B <= COQUNT:

end RTL;
- III#IIIN**HI*I“#*HIII**IN#I*lﬂ**ll#ﬁI*I*iﬂ*ﬂﬂ*l*lliIlil*lﬂ*li*#lﬂ*Rﬂ#l#*#ﬂ*l

library IEEE;
use IEEE.std_logic_l164.all;

entity COUNT14B is
port {CLK* : in std_logicy
nRESET : in std_logic:
COUNTTHIGH : out std_logic_vector(6é downto 0):
COUNTTLOW : out std_logic_vector{6 downto 0)};
end COUNT143;

architecture RTL of COUNT14B is
signal COUNT14BIT : std logic_vector (13 downto 0};

- FUNCTION INCREMENT 14-BIT COUNTER (EEEEEEE RSN AL EE R RSN LR AN A RR SRS,

function increment{val : std _logic vector) return std_logic_vector
is
~-=- normalize the indexing
alias input : std_logic_vector(val'length downto 1} 1s val;
variable result : std_logic_vector(input'zange) := input;
variable carry : std_logic := 'l';
begin
for 1 in input'low to input'high loop
result (i) := input(i} xor carry;
carry := input(i) and carry;
exit when carry = '0';
end loop;
return result;
end increment;
-- END FUNCTION [ZEFEEE R SR RERE R EL AR N AR R AN LA TR RS A R AR R R Rl Rl Rl d R

begin
process {CLK, nRESET}
begin
if (nRESET = '0') then == RESET counter
COUNT14BIT <= "00000000000000";
elgif {CLK = '1'} and (CLK'event} then
COUNT14BIT <= increment {COUNT14BIT): ~- count up when go high
and if;
end process;

COUNT7HIGH <= COUNT14BIT(13 downto 7):; == separate signal
COUNT7LOW <= CQUNT14BIT({6 downto 0]

end RTL;
e L Y Y N E Y Y Ry R AR R SRR R R A FA NSRS RS R R SRR 2E

library IEEE;

use IEEE,std_logic_llé4.all;
Library EZXEMPLAR;

use exemplar.exemplar.all;

entity COUNTIB is

port (CLK s in std_logic:
nRESET ¢ in std_logic;
OUTLBIT 1 out std_logic);

end COUNT1RB;
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architecture RTL of COUNTI1E is
signal COUNT : integer range 0 to 1;

begin
process {CLK, nRESET)
hegin
Lf (nRESET = '0') then
COUNT <= 0;
elsif (CLK = 'l') and (CLK'event) then
1f (COUNT = 1) then

COUNT <= 0;
else
COUNT <= COUNT + 1;
end 1if;
end 1f;
end process;
process (COUNT) -~ transform integer to bit
begin
if (COUNT = 1) then
QUT1BIT <= '1'; -
else

QUTIBIT <= '0';
end if; .
end process;

end RTL;
- Iillii!lllilllilliilliilliililliilliililillilliillllllillilillllii!lililliil

=-=- B=bit counter (0-255)

- - - -

Library IEEE;

use IEEE.Std_Logic_l164.all;
Library EXEMPLAR:

use exemplar.exemplar.all;

entity COUNT255 is
port (nRESET : in std logic; -- RESET
CLK : in atd_loglc: -- Clock
DATR255: out lnteger range 0 to 25%);
end COUNT255;

architecture RTL of COUNTZ5S is
signal COUNT : integer range 0 to 255;

begin
process (CLK, nRESET)
begin
1f (nRESET = '0') then
COUNT <= D;
elsif {(CLK = 'l') and (CLK'event} then
i1f (COUNT = 255) then
COUNT <= 255;
else
COUNT <= CQUNT + 1;
end if;
end 1if;
end process;

DATAZ55 <= COUNT;

end RTL;
- AR IR RN R R RN R RN R AT RN RN RN R RN IR RN IR O N

== 7-bit counter {(no return to 0)

library IEEE;

use IEEE.std logic_1164.all;
Library EXEMPLAR;

use exemplar,exemplar.all;

86



87

entiéy COUNT7BN is

port (CLK : in std_logic;
nRESET : in std_logles
COUNT : out std_logic_vector(6 downto 0)}:

end COUNTTEN;

architecture RTL of COUNT7BN is
signal COUNT_TMP : integer range 0 to 127;
signal COUNT_SIG : integer range 0 to 127;

-- Integer to algned or unsigned vector
function int2Zevec (1: integer; size: integer := 32) return std_logic vector is
variable result: std_logic vector(size-1 downto 0};
variable op: integer := 1;
variable neg_fl: boclean := false;
attribute synthesis_return of result:variable is “FEEC_THROUGH" ;
begin
result := (size-1 downto 0 => '0Q');
if op < 0 then
op i= op * (=1);
neg_fl := true; -
end if;
for i in 0 to SIZE-l1 loop
if (op mod 2} = 1 then
result (i} z= '1' ;
end if ;
op im op/2 ;
end loop ;
return result;
end int2evec:

begin

process (CLK, nRESET)
begin
if (nRESET = '0'}) then
COUNT_TMP <= 0;
elsif (CLK = 'l') and (CLK'event} then
if (COUNT_TMP = 127) then
COUNT_TMP <= 127;
else
COUNT_TMP <= COUNT_TMP + 1;
end if;

end 1f;
end process;

process (nRESET, COUNT_THP}
begin
if {(nRESET = 'l') then
COUNT_SIG <= COUNT_TMP;
elze
COUNT_SIG <= COUNT_SIG;
end 1f;
end process;

COUNT <= int2evec(COUNT_SIG,7};

end RTL;
= AR RHHARE RN RR RN R RN RN AR NR RN RN R RN R RN R I RN R I RER AR

-=- $-bit adder/subtractor

Library IEEE;

use IEEE.Std_Logic_l164,all;
Library EXEMPLAR;

use exemplar.exemplar,all;

entity COUNTSB is
port {nRESET : in std_logic; -- RESET
CLK 4 in std_logic; =-- Clock



DATASY
end COUNTIRB;

B: out integer range 0 to 511);

architecture.RTL of COUNTSB is

signal COUNT :

begin

integer range 0 to 511;

process (CLK, nRESET}

begin

if (nRESET = '0') then
COUNT <= 0;

elsif
if

(CLK = '1') and (CLK'event) then
(COUNT = 511) then
COUNT <= 0;

else

COUNT <= COUNT + 1;

end if;

end if
end proces

3;

DATA9B <= COUNT;

end RTL;

library IEEE;
use IEEE.std_l

entity CPOU is

ogic_l1164.,all;
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porti{ CLK 3 in std_logic:
nRESET : in std_logic:
HALT ¢ in std_logic;
nCE_ROM : out std_logic -= ROM Chip Enable
nCS_RAM t out std logic; ~-= RAM Chip Select (+Output Enable)
nRD + out std_logic; == RERD
nWR : out std logic: == WRITE
DATA_IN : in std_logic_vector(7 downto 0);
DATA_QUT : out std_logic_vector(7 downto 0):
Z_CT : out std_logic:
STCRE_DIR © ¢ out std_logic; -= load or store direction
IC_ADDR : out std_logic vector(3 downto 0); -- internal address for

memory map i/fo

ADDR i out std_loglc_vector(l4 downto 0);
OSD_STATE ¢ out std_logic;
OE_ADC ¢ out std_logic);

end CPU;

architecture S

TATE_MACHINE of CPU is

type T_STATE is (OSD, PLACE_ARl, LOD_IR_L, INC_PCl, ARITH, LOD_IR H, PLACE_AR2,

INC_PC2,
signal N_S

component ALRU

port( X :
Y
SEL
Cin
R
FLAG:

EORE TR DAY

-- FLA
== Fla

end component;

-=- ALRU signal
signal TMP1
signal TMP2

JuMP2, LOD._STQ, STCRE, LOAD, JUMFPl);

TATE : T_STATE;

in std_logic_vector (7 downto 0);
in atd_logic_wvector(7 downto 0);
in atd_legic_vector ({3 downto 0);
in std_logic;

out std_logic_wvector(7 downto 0);
out std_logic_vector(l downto 0));

G is (C,Z)
g is C Carry flag
z Zero flag

std_logic vector(7 downto 0);
std_logic_vector(7 downto 0}

Left INPUT

Right INPUT

Select Operation Command
Carry Flag input

Result QUTPUT

Flag Register

TMPl Register
TMP2 Reglater
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signal SEL : std_logic_vector(3 downto 0}; -- Select Signal

signal C_FLAG : std_logic; -- Carry in input to ALRU

signal R : std_logic_vector (7 downto 0}; -- Result Register

-~ Register

signal AR : std_logic_vector (15 downto 0): -- Address Register

signal PC : std_logic_vector (15 downto 0}; == Program counter

signal IR : std_logic_vector(l5 downto 0); -- Instruction Register

signal A : std_logic_vector{7 downto 0); -- Register A

signal B ; std_logic_vector(7 downto 0); -— Register B

signal DPH : std_logic_vector(7 downto 0); -- High Byte of Data PoinTer
Register (DPTR})

signal DPL : std_logic vector(7 downto 0); =-- Low Byte of Data PoinTer
Register (DPTR)

signal C : std_logic; ~- Carry Flag

signal 2 : std_logic; -- Zero Flag

signal FLAG : std_logic_vector(l downto 0); -~ temporary flag cutput signal
signal nRD_SIG : atd _logicy -- temporary READ signal

begin

ul : ALRU port map {(TMPl, TMP2, SEL, C FLAG, R, FLAG);
ADDR{14 downto 0) <= AR({14 downto 0);

nCS_RAM <= not(AR{15)): == Select RAM 1f AR(15) high for data range
B0OOh-FFFFh

nCE_ROM <= AR(15} or nRD_SIG; =-- READ operation and Select ROM

nRD <= nRD_SIG; -2

STORE_DIR <= IR(12};

process (nRESET, CLK)

begin

if (nRESET = '0Q') then
N_STATE <= 0SD; ~=~ RESET all registers
PC <= *0000000000000000";
IR <= "0000000000000000";
A <= *00000000";
B <= "00000000";
DPH <= "00000000";
DPL <= "00000000";
IO_ADDR <= "1111%; -
c <= 'Q';
z <= 'Q';
SEL <= "0001%;
C_FLAG <w '0%
TMPL <w= "00000000";
TMP2 <= "00000000";
AR <= "0000000000000000";
nWR <m ']t
nRD_SIG <= '1';
DATA_QUT <= "00000000";
Z_CT <=ty
QSD_STATE <= 'Q';
OE_ADC <= 1O

elsif (CLK'event) and (CLX = ‘1) then
case N_STATE is
when QOSD =>
IO _ADDR <= "1111";

1f (HALT = '0') then
N_STATE <= PLACE_ARL:

else

N_STATE <~ 08D;
end if;
Z_CT <= '1';
0SD_STATE <mw '1';
QE_ADC <= 'Q';

when PLRCE_ARlL =>
AR <= PC: == Place Address Register



nWR <m '1Y;

nRD_SIG <= '0°;

TMP1 <= PC(7 downto 0);
TMP2 <= "00000001";
SEL <= "0001";

C_FLAG <= '0%;

Z_CT <= 11t

N_STATE <= INC_PCl;
OSD_STATE <= 'Q1;

when INC_PCl =>

PC{7 downto 0) <= R;

TMP1 <= PC(1l5 downto 8);
TMP2 <= "0000000"&FLAG(l};
zZ_CT <= 11°Y;

C_FLAG <= '0Q';

N_STATE <= LOD_IR_L;

when LOD_IR L =>

PC(15 downto B) <= R;

80

-= prepare for read ROM

== Save PC that

incremented
IR{7 downto 0) <= DATA_IN; -
Z_CT <m '1%;
N_STATE <= PLACE_ARZ2:
when PLACE_ARZ =>
AR <= PC; == Place high byte address of IR
z2 CT <= 11
TMP1 <= PC{7 downto 0}:
TMP2 <= "00000001";
C_FLAG <= '0';
N_STATE <= INC_PCZ;
when INC_PC2 =>
PC(7 downto 0) <= R;
Z_CT <= 1Yy
TMPL <= PC(15 downto 8):
TMP2 <= "0000000"&FLAG(]1);
C_FLAG <= '0';
N_STATE <= LOD_IR_H;
when LOD IR H =>
IR(15 downto 8} <= DATA IN;
Z_CT <= '1%;
case DATA_IN(7 downto 6} is
when 700" | "01" => == Arithmatic Reg & Constant
PC{15 downto 8) <= R;
1f (DATA_IN{S downto 4} = "1l1") then
SEL <= "Q111"; -= move operation R <=
TMP2
1f (DATA_IN(2) = '0') then -= PCL
TMP2 <= PC(7 downto 0);
else -~ PCH
™P2 <= R;
end if;
elae
C_FLAG <= C;
SEL <= DATA_IN(S downto 2);: «= ALRU operation
-=- LOAD TMP1 & TMP2
regiater

{Source is 9 downto 8)

iz 5 downto 4)

if (DATA_IN(6) = *'0') then

TNPZ <= IR(7 downto 0};
else

case IR({5 downto 4) is
when "00" =>

-

-=- Reg & Const

Reqg & Reg {Source

== SQURCE
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TMPZ <= A;

when "01" =>
TMPZ <= B;

when "10% =>
TMP2 <= DPL;

when 11" =>
TMP2 <= DPH;

when others => == NEVER GO TO

THIS CASE '
TMP2 <= "00000000":
end case;
end 1if;

case DATA_IN(l downto 0) is ~= DESTINATICH
when "00" => .
TMP1l <= A;
when "01" =>
TMP1l <= B;
when "10" =3
TMP1l <= DPL;
when "11" =>
- TMPl <= DPH; .
when others => == NEVER GO TO THIS
CASE
TMP1l <= "00000000";
end case;

end 1f;

N _STATE <= ARITH;

when "10" = == Load/Store
PC(1l5 downto 8) <= R;
N_STATE <= LOD STO:

when "11" => == Jump
if (DATR_IN(S} = 'l') then ~~ Abs Jump 111
PC <= DPH&DPL;
N_STATE <= O3D;
else -- Rel Jump 110
PC{1l5 downto 8) <= R;
~- Conditicnal Jump
Oxx
if ((DATA_IN(4) = '0') and {(PATA_IN(3 downto 2) =
"00" and C = '0') ¢r (DATA IN(3 downto 2) = "0l1" and C = '1')
or (DATA_IN(3 downto 2) =
"10" and Z = '0') or (DATA_IN(3 downto 2) = "1l1" and Z = '1'}))
or (DATA_IN(4) = '1') then -- Unconditional Jump
TMP1 <= PC(7 downto 0};
TMP2 <= IR(7 downto 0);
SEL <= "000"&DATA_IN(0};
C_FLAG <= '0';
N_STATE <= JUMPL;

else
N_STATE <= OSD;

end 1f;
end if;
when others =>
N_STATE <= 0OSD;

end case;

when ARITH =>
SEL <= IR(13 downto 10} ~~ ALRU operation
Z_CT <= 117,

case IR(9 downto B) is
when "00" =>
A <m R;
when "0l" =>
B <= R;
when "10" =>



DPL <= R;
tlllll -)
DPH <= R;
when others =>
A <= "00000000";
end case;

when

C <= FLAG(1l):
Z <= FLAG(0);
N_STATE <= OSD;

when JUMPL =>
PC(7 downto 0} <= R;
z_CT <= '17y
TMP1
TMP2
C_FLAG <= '0';
N_STATE <= JUMPZ;
when JUMPZ =>
PC(15 downto B) <= R;
z_CT <= '1';
N_STATE <= Q8D;

when LOD_STO =>
if (IR(L1) = '0') then
AR <= DPH&DPL;

else

AR <= "10000000"&IR(7
and 1f£;
Z_CT <= '1';

case IR{12 downto 10} is
when "000" =>

nWR

nRD_SIG <=

OE_ADC <=

N_STATE <=

when "001" =

nwR <=

nRD_SIG <=

OE_RDC <=

[} 1 ] :
1
t 0 ] ;
I0_ADDR <=
N_STATE <= LOAD;
when "0L0" =>
nwRr <m
nRD_SIG <=
OE_ADC <=
N_STATE <=
"OL1L"™ =
nWR <m
nRD_S1G <w
QE_ADC <=
N_STATE <=
when "100" =>
nWR Cm
nRD_SIG <=
QE_ADC <=
N_STATE <w
when "101" =>
nWR <=
nRD_SIG <=
OE_ADC <=
N_STATE <=
when "110% =>
nwR
nRD_SIG
OE_ADC
N_STATE
when othera
nwWR

lll'-
lof'.
IOD;
LOAD;
when
lll:
lll'-
lll’-
LOAD;

|0|'|
vpe;
0,
BTORE;

110y
1v;
;
STORE;

0,
e,
0y
STORE;

Ull,

<= PC({15 downto 8);
<= "0000000"&FLAG(1);
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== NEVER GO TO THIS CASE

~= Place Address to Load or Store
== jndirect mem or map i/o0

-=- direct mem

downto 0}
== load a OR load b
-~ load MAP I1/0

IR(3 downto 0);

load from addr B0xxh

load

from A/D

store a OR atore b

store MAP I/0

store to addr 80xxh
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nRD_SIG <= '1';

OE_ADC <= '0';

N_STATE <= STORE:
end case;

when STORE =>
Z_CT <= '0°;

1f (IR{(10) = '1') then
IO_ADDR <= IR(3 downto 0);
end if;

if (IR(8) = '0'}) then
DATA_OUT <= A;
else
DATA_OUT <= B;
end if;

N_STATE <= OSD;

when LOAD =>
Z_CT <= 1Yy
IO ADDR <= "1111";

if {(IR(8) = '0'} then
A <= DATA_IN;
else
B <= DATA_IN:
end if;

N_STATE <= OSD;

when others =>
N_STATE <~ OSD;

end case;
end if;
end process;

end STATE_MACHINE;
- liillil!iil!llﬂlii!lill!Iill!llll!lili!li!llil!llii!li!llliiiil!li!lliil!li!

== data buffer

library IEEE;

use IEEE.std_logic_l164.all;
Library EXEMPLAR:

use exemplar.exemplar.all;

entity DATA_BUF is

port{ CLK t in std_loglc;

SUB_COL : in integer range 0 to 15;

DATA_IN : in std_logic_vector(7 downto 0);

ATTR_DATA : out - std logic_vector{d = downte 0}; -~ FIRG,B
(Flash,Italic, Red,Green, Blue)

CODE_DATA : out std logic_vector(7 downte 0); -- Font Code or Attribute Code

FONT_DATA : out std_logic_vector(7 downto 0)); == Font Data (Half
Character)

end DATA_BUF;
architecture RTL of DATA_BUF is

signal ATTR_TMP : std_logic_vector{4 downto 0);
signal FONT TMP : std_logic_vector (7 downto 0};
signal SUB_COL_BIT : std_logic_vector{3 downto 0);
signal HALF SUB_CCL : integer range 0 to 7

signal COME : std_logic:

-- -Integer to signed or unsigned vector
function int2evec (1: integer; size: integer := 32} return std_logic_vector is
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variable result: std_logic_vector(size-l downto 0);
variable op: integer := 1;
variable neg_fl: boolean := false;
attribute synthesis_return of result:variable is "FEED_THROUGH" ;
begin
result := (size-l downto 0 => '0');
if op < 0 then
op = op * (=1):
neg_£1l := true;
end if;
for L in 0 to SIZE-1 loop
if {op mod 2} = 1 then
result (i) := "'1' ;
end if ;
op i= op/2 ;
end loop ;
return result;
end int2evec;

-~ function eveczint (1l: std_logic_vector) return natural;
-- Translate unsigned vector into integer representation
function evec2irt (1: std_logic_vector}
return natural is
variable result: natural := 0;
attribute synthesis_return of result:variable is “FEED THROUGH" ;
begin
for tl in l'range loop
result = result * 2;
if (1(tl) = '1' or 1{tl) = 'H') then
result := result + 1:
end if;
end loop;
return result;
end evec2int;

begin

SUB_COL_BIT <= int2evec{SUB_COL,4};
HALF_SUB_COL <= evec2int (SUB_COL_BIT(2 downte 0));

process (CLK,SUB_COL,DATA_IN)
begin
if (CLK = '0'}) and (CLK'event} then

if (SUB_COL = 13) then
if (DATA_IN(7 downto 5) = "000") then -~ control code 00 - 1F
ATTR_TMP <= DATA_IN(4 downto 0):
COME<=*0"1;
else
COME<= '1°%;
end if;

~= char data cocde
CODE_DATA <= DATA_IN;

elsif (SUBR COL = 7) or (SUB_COL = 15) then ~= font byte 2 and byte 1
FONT_TMP <= DATA_IN and COME&COME&COME&COME&COMELCOMESLCOME&COME;
end if;
end if;

end process;

process {HALF_SUB_COL, SUB_COL BIT, FONT_TMP, ATTR_TMF)
begin
if (HALF_SUB_COL <= 6) then
FONT_DATA <= FONT_TMP;

end if;

if {(SUB_COL_BIT = "0101") then -5
ATTR_DATA <= ATTR_TME;

end if;

end process;

end RTL;
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== clock divider

----- - - - - — e

library IEEE;

use IEEE.std_logic_1164,a11;
Library EXEMPLAR;

use exemplar.exemplar,all;

entity DIV_CLK is

port (CLK i in std_logicy
nRESET t in std_logic:
DIV2 : out std_logic:
DIv4 i out std_logic:
DIV8 : out std_logic;
DIV1& i out std_logic:
DIV24 : out std_logic;
DIV32 : out std_logic:
DIVé&4 : out std_legics
DIv1Z2s : out std_legic;
DIV256 . : out std_logic);

end DIV_CLK;
architecture NETLIST of DIV_CLK is

signal DIVZ2_TMP : std_logic;
signal DIV4_TMP : std logic:
signal DIVS_TMP : std_logic;
signal DIV16_TMP: std_logic:
signal DIV24_TMP: std logic;
signal DIV3Z_TMP: std logic;
signal DIV64_TMP : std_logic;
signal DIV128 TMP: std_logic;
signal DIV256_TMP: std_logic:

component COUNTLR

port(CLK : in std_logic;
NRESET : in std logic;
QUT1BIT : out std_loglc):

end component:

component DIV3
port (CLX i In std_logic:
nRESET ¢ in atd_logic:
CLK_OUT : out std_logic);
end component;

begin

ul : COUNT1B port map (CLK,nRESET,DIVZ_ TMP);

u2 : COUNTLBR port map (DIVZ_TMP,nRESET,DIV4_TMP};
ud : COUNTLB port map (DIV4_TMP,nRESET,DIVE8 TMP);
uq : COUNT1B port map {(DIV8_TMP, nRESET,DIV1é_TMP};

u5 ! COUNT1B port map (DIV1&_TMP,nRESET,DIV32 TMF);
ué : COUNTI1B port map (DIV32_ TMP,nRESET,DIV64_TMP);
u? : COUNTLB port map (DIV64_TMP,nRESET,DIV128_TMP):
u8 : COUNT1B port map (DIV128_TMP,nRESET,DIV25€_TMP):
u% : DIV3 port map (DIVE_TMP,nRESET,DIV24_TMP);

DIV2 <= DIV2_TMP:
DIV4 <= DIVA_TMP;
DIVS <= DIVE_TMP;
DIV16 <= DIVLE_TMP;
DIV24 <= DIV24_TMP;
DIV32 <= DIV32_TMP;
DIVE4 <= DIV64_TMP;
DIV128 <= DIV12E TMP;
DIV256 <= DIV256_TMP;

end NETLIST;
= AR RREANR NN AR AR AR AR RN N0 AR AR NAA A4 AR ES
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-- divide frequency by 24

Library IEEE;
use IEEE.Std_Logic_1164.all;

entity DIV24 1is

port (CLK : in std_logici
RESET : in std_logic;
CLK_EN : in std_logicy
CLK_OUT : out std_logic):
end DIV24:
architecture RTL of DIVZ4 is
constant MAX COUNT t integer := 1l1;
signal CLK_OUT_SIGNAL : std_logic; --TEMPORARY CLK/24 SIGNAL
signal I . ¢ integer range O to MAX COUNT; ==INDEX COUNTER

signal COUNT : integer range 0 to 6&3;

begin
process (CLK, RESET)
begin
if (RESET = 'l1'} then -- RESET COUNTER 1f RESET g¢ to HIGH
I <= MRX COUNT;
CLK_OUT_SIGNAL <= '0';

COUNT <m 0;
elsif (CLK = '1'} and (CLK'event) then
if (I = Q) then == TOGGLE when half period

I <= MAX_COUNT;

if (COUNT = 38} then
COUNT <= 38;
CLK_OUT_SIGNAL <= '0';

else
COUNT <= COUNT + 1;
CLK_OUT_SIGNAL <= not(CLK_OUT_SIGNAL):
end 1if;
.
else == COUNT UP
I <=1 =1;
end 1f;

end 1if;
end process;

CLK_OUT <= CLK_OUT_SIGNAL and CLK_EN;
end RTL;
R L T T T T T Y P T T T ey T Y A I A Te Y

-=- divide frequency by 3

Library IEEE;
use IEEE.Std Logic_ll64.ali;

entity DIV is

port (CLK : in std_logic;
nRESET : in std_logic:
CLE_OUT : out std_logic);
end DIV3:
architecture RTL of DIV is
constant MAX_COUNT i integer := 2;
aignal 1 : integer range ¢ to MAX_ COUNT;
begin

process (CLK, nRESET)

begin
if (nRESET = '0Q'} then
I <= MAX_COUNT;
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elaif (CLK = '1') and (CLK'event) then
if (I = 0) then
I <= MAX_COUNT;
else
I <= I -1
end 1f;
end 1f;
end process;

process (I)
begin
if (I = MAX_COQUNT) then
CLK_OUT <= 'l1';
else
CLK_OUT <= 'Q';
end if;
end process;

end RTL:
- |llll#lli!ii!illi!iilllilliililiiillilllllilillilli!Illlilliliillliliillilli

-- frequancy genarator (from OSC4})

——— - -—— o o o B o ol D e e O D e it

library IEEE;

use IEEE.std_logic_1164.all; .
Library EXEMPLAR;

use exemplar,exemplar.all;

entity GEN_OSC is

port{ NnRESET in std_logic;

rou T out std_logic:
F500K ; out std_logic:
F16K : out std_logle:
F430 7 out std logic:
F245 : out std_logic:
F123 : out std_logic
F4l ! out atd_logic:
F15 : out std_logic:
F7 : out std_loglc:
F4 : out std_leoglc:
F2 i out std_logic;
Fl : out std_logic: '
FOS : out std_logic):

end GEN_O0sC;
architecture NETLIST of GEN_OSC is

signal F8M_TMP : std_logic;
signal F500K_TMP: std_logic;
signal Fl6K_TMP : std_logic;
signal F490_TMP : std _logic;
signal F15_TMP : std_logic;
signal F245_TMP : std_logic;
signal F123_TMP : std_logic;
signal F4l_TMP std_logic;
signal F7_TMP std_logic;

signal F4_TMP ¢ std_logic;
slgnal F2_TMP : std_loglc:
signal F1_TMP : atd_logic;
signal FOS_TMP : std_logic;

component 0OS5C4
port (FayM : out std_logicy

FS500K : out std_logic;
FLEK : out atd_logic;
F490 : out std_logic:

Fl5 : out atd_logilc):
end component:

component COUNT1EB
port {CLK : in std_loglicy
DRESET ¢ in std_logicy
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QUT1BIT : out std_logic);
end component;

component DIV3

port (CLK : in atd_logic;
nRESET : in atd_logicy
CLK_oUuT : out std_logic¢):

end component;

ul : 08SC4 port map (FOM_TMP, FS00K_TMP, F16K_TMP, F490_TMP, F15_TMP);
u2 ; COUNTLB port map (F450_TMP, nRESET, F245_TMP):

ud : COUNT1B port map (F245_TMP, nRESET, F123_TMP);:

ud : DIV3 port map (Fl23_TMP, nRESET, F4l1_TMP):

uS : COUNTLB port map {F1S5_TMP, nRESET, F7_TMP):
ubé ; COUNT1B port map (F7_TMP, nRESET, F4_TMP);
u? : COUNT1B port map (F4_TMP, nRESET, F2_TMP);
ug : COUNTI1B port map (FZ_TMP, nRESET, F1_TMP);
u9 ; COUNTI1B port map (F1l_TMP, nRESET, FOS5_TMP):

FBM <= F8M_TMP; \
FS00K <= F500K_TMP;

F16K <= FL6K_TMP;

F450 <= F490_TMP;

F15 <= F15_THP;

F245 <= F245_TMP;

F123 <= F123_TMP;

F4l <= F4l1 _TMP;
F7 <= F7_TME;
F4 <= F4_TMP;
F2 <= F2_TMP;
Fl <= F1_TMP;
FO0S <= FO5_TMP;

end NETLIST;
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library IEEE;

use IEEE.std_logic_1164.all;

entity GN_DSP R is

port (CORRECT_GR : in std logic_vector (3 downto 0);
DISP_ROW : out integer range 0 to 3;
HALT t out std_logic);

end GN_DSP_R;

architecture RTL of GN_DSP_R is

begin
process (CORRECT_GR)
begin
¢ase CORRECT GR is

when "0001" => ~- Row register no. X 1s equ
DISP_ROW <= Q;
HALT <= '1t;

when "Q010% =>
DISP_ROW <= 1;
HALT <m V14,

when "0100" =>»
DISP_ROW <= 2;
HALT <= '1°';

when “1000" =>
DISP_ROW <= 3;
HALT <= '1°*;

when others =>
DISP_ROW <= 0;
HALT <= 'Q';

end case;

end procesa;
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end RTL;

Library IEEE;

use IEEE.S5td_Logic_ll64.all;
Library EXEMPLAR;

use exemplar,exemplar.all;

entity GN_HALT2 is

port( LINESB : in std_logic_vector(8 downto 0}:
HALT ¢ in std_legici
HALTZ2 : out std logic):

end GN_HALT2;
architecture RTL of GN_HALTZ is
signal LINESB_INT : integer range 0 to 511;

-~ function evec2int (1l: atd logic_vector) return natural;
-- Translate. unsigned vector into integer representation
function evec2int (l: std_logic_vector)
return natural is
variable result: natural := 0;
attribute synthesis_return of result:variable is "FEED_THROUGH" ;
begin
for tl in l'range loop
result := result * 2;:
if (1{tl) = '1l' or 1l(tl) = 'H') then
result := result + 1;
end 1f; .
end loop;
return result;
end evec2int;

begin
LINESB_INT <= evecZint{LINESB);

procesas (LINESB_INT,HALT)
begin
if (LINE9B_INT < 32) or (LINESB_INT > 271} then
HALT2 <= '0';
else
HALT2 <= HALT;
end 1f;
end process;

end RTL;
== GYEREAAERNNIN N RN RN RN RN i NG A RGN RN RN RN RN}

==~ Horizontal counter

Library IEEE;

use IEEE.Std_Logic_l164.all;
Library EXEMPLAR;

use exemplar.exemplar.all;

entity H_COUNTR is

port (H_SYNC : in std_leogic; =-- RESET Horizontal counter

CLK t in std_logic; =-- Clock for Horizontal counter
PLUS : in integer range 0 to 7:

CoL : out integer range 0 to 63;

SUB_COL: out integer range 0 to 15);

end H_COUNTR:
architecture RTL of H_COUNTR is

signal DARTALlOB : integer range 0 to 1023;



signal DATAlOB_BIT
signal GND

signal PLUS_BIT
signal VCC

signal DATAlO0B_OUT
signal Cout

-- function eve

~=- Translate unsigned vector into integer representation

+ atd_loglc_vector(9 downto 0);
1 std_logic:
: atd_logic_vector($ downto 0}
: std_logics
: std_logic vector(9 downto 0);
1 std_logic;

c2int (1: std_logic vector!}

function evec2int (l: std_logic_vector)}

return
variable

attribute synthesis_return of result:variable is "FEED_THROUGH"

begin
for tl in
rasult
if (1¢
res
end if
end loop;
return re
end evec2int

==~ Integer

natural is
result: natural := 0;

l'range loop

;= rasult * 2;
tl) = '1' or 1(tl} = 'H') then
ult := result + 1;

sult;

.
i

to signed or unsigned vector

return natural;
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function int2evec {l: integer; size: integer := 32) return std_logic_vector is

variable result: std_loglc_vector(size-1 downto 0);

variable
variable

attribute synthesis return of result:variable is "FEED_THROUGH" ;

begin
result :=
if op< 0
op :=
neg_f£f1
end if;
for 1 in
if (op
res
end if
op =
end loop
return re
end int2evec

component COUNT10B
port (nRESET : i
CLK HEE
DATAlOB: o
end component;

component AD SUBlO

port (A : in
B :t in
Cin : in
ADD : in
s : ou

end component;

begin
vce <»
GND <=

DATALOB_BIT <=
. PLUS_BIT <=

ul : COUNT10B p

u2 : AD_SUBlO port map (DATAIOB;BIT, PLUS_BIT, GND, VCC, DATALOB_OUT):

COL <= @vec
SUB_COL <= evec

end RTL;

op: integer := 1;
neg_£fl: boolean ;= false;

(size-1 downto 0 => '0'};
then

op * (=1);
1w true;

0 to SIZE-1 loop
mod 2) = 1 then

ult (i) := *1' ;
’

op/2 ;

i

sult;

N
L3

n std_logic; -~ RESET
n std_logic; -- Clock
ut integer range 0 to 1023):

atd_logic_vector(9 downto 0):
std_logic_vector(9 downto 0);
std_logic; :
std logic:

t std_logic_vector(9 downto 0)};

Il!;
.0‘}

int2evec(DATAL10B,10);
int2avec{PLUS,10);

ort map (H_SYNC, CLK, DATA1OB):

2int (DATA10B_OUT(9 downto 4))
2int {DATA10B_OUT(3 downto 0})

]
L
1
L
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=-- 1/0 port
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library IEEE;
use IEEE.std_logic_l1164.all;
Library EXEMPLAR;
use exemplar.exemplar.all;

entity IO PORT is
port (CLK

nRESET

STORE_DIR

I0_ADDR
DATA_IN
DATA_OUT
Z_CT
PO_IN
P1_OUT
P2_OUT

end I0_PORT:

architecture RTL of

begin

: in std_logic;
: in std_logic:
: in std_logic;
: in std logic_vector(3 downto 0):
: in std logic vector(7 downto 0);

: out std_logic_vector(7 downto 0):

: out std logic;
: in std_logic_wvector(2 downto 0};

: out std_logic_vector(7 downto 0);
: out std_logic vector(3 downto 0});

10 _PORT is

process (CLK, nRESET, 10 ADDR,STORE_DIR)
begin
if (nRESET = '0') then

P1_oUT
P2_OUT

<= "00000000%;
<= "0000";

DATA_OUT <= "00000000";

2_CT

< '1';

elsif (CLK = '0') and (CLK'event} then

if (STORE_DIR = '0')} then

1f (IO_ADDR = *0000"} then

else

DATA_OUT <= "00000"&PO_IN;
z_cr <= '0';

Z_CT <= '1';

end if;

else

== LOAD DATA

=~ STORE DATA

if (IO ADDR = "0001") then

P1_OUT <= DATA_IN(7 downto 0);

elsif (IO_ADDR = "0010") then

P2_OUT <= DATA_IN(3 downto 0);

end if;

Z_CT <= '1';

end if;

end i£;

end process;

end RTL;

= FHEARERER PR AR RN RR RN TR ORI RA RN RN TR DR PR RN RE ORI R R RRNR R a NN

library IEEE;
use IEEE,std logic_ll64.all;
Library EXEMPLAR;
use exemplar,exemplar.all;

entity IR_PRE is

port(

CLX

niR
CLK_DIV2
nRESET

in std_logic:
in std_logic:

in std_logic:
in std_logic;

.
b
.
s



STORE_DIR : in std logic;
IO ADDR : in std_logic_vector(3 downto 0);
DATA_IN : in std_logic_vector(7 downto 0);
DATA_OUT : out std_logic_vector{7 downto 0);
Z_CT : out std_logic);

end IR_PRE;

architecture NETLIST of IR_PRE is

signal COUNT : std_loglc_vector(6 downto 0);
signal COUNT2BH : std_logic_vector(l downto 0);
signal LOGIC_OUT : std_logic;

component COUNT7BN

port (CLK : in std_logic:
RRESET : in std_logic;
COUNT : out std_logic vector (6 downto 0));

end component;

component CMPS7B

port (DAT7B_IN : in std_logic_vectoxr(l downtoc 0):
LOGIC_OUT : out std_logic): &

end component; ’

component SHIFT12B
port (DATA_IN t in std logic?

SHIFT

in std_legic;

GATE i in atd_logic;

IR_CODE

out std_logic vector(5 downto 0));

end component;

component IR_REG

port (CLK i in std_logic:
nRESET ¢ in std_logic;
STORE_DIR : in std_loglc:

IO ADDR : in std_logic_vector(3 downto 0);
DATA_IN : in std_legic_vector(7 downto 0);
DATAR_OUT : out atd loglc_vector(7 downto 0);

2_CT : out std_loglc;
IR_CODE : in std_logic _vector(5 downto 0);
RM CT ¢ out atd logic):
end component:
signal nGATE : std_logic;
signal GATE : std_logic:
signal IR _CODE : std_logic_vector(5 downto 0);
begin
CQUNTZBH <= COUNT(6 downto 5);
GATE <= not (nGATE};
ul : COUNT7BN port map (CLK, nIR, COUNT);
u2 : CMPS7B port map (COUNTZ2BH, LOGIC_OUT);
u3 : SHIFT12B port map (LOGIC_OUT, nIR, GATE, IR_CODE);
ud : IR REG port map (CLK_DIV2, nRESET, STORE_DIR, IC ADDR,

DATA_IN, DATA_OUT, Z_CT, IR_CODE, nGATE};

end WNETLIST:

e BERNRREN R AR RPN RN RN RN AR R PRI NP R R RN TR R RO RO RO R RY IR

—— —————

library IEEE;

use IEEE.std_logic_l1164.all;
Library EXEMPLAR;

use exemplar.exemplar.all;

entity IR _REG is

port (CLK

3 in std_loglcy
DnRESET t in atd logic;
STORE_DIR : in atd_logic;
IO_ADDR @ in std_logic_vector(3 downto 0);
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DATA_IN : in std_loglc_vector(7 downto 0):
DATA_OUT : out std_logic_wector(7 downto 0);
Z_CT ¢ out std_logic:
IR_CODE : in 8td_logic_vector({5 downto 0);
RM_CT : out std_logic);

end IR_REG;

architecture RTL of IR_REG is
begin

process (CLK, nRESET, I0_ADDR, STORE_DIR)
pegin
if (nRESET = '0Q') then
DATA_OUT <= "00000000";
2_CT <m '1°';
RM_CT <= 'Q';

elsif (CLK = '0'} and (CLK'event) then
if (IO_ADDR = "QO011l") then
if {(STORE_DIR = '1'} then == STORE DATA
‘AM_CT <= DATA_IN(7):
z_CT <= '1%;
else == LOAD DATA
DATA_OUT < “UO“EIR_CODE:
Z_CT <= '0';
end if;
else
Z_CT <m '1';
end if;
end if;
end process;

end RTL;
== PRI R LR R R F RGN R AR AR R R R R R RV R PR RN AR RN RO RRO RO RS
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== italic controller
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library IEEE;

use IEEE.std_logic_l1l64.all;
Library EXEMPLAR;

use exemplar.exemplar.all;

entity ITAL_CT is

port (ITALIC i in std_logic;
SUB_ROW : in integer range 0 to 15;
PLUS : out integer range 0 to 7);

end ITAL_CT;
architecture RTL of ITRL_CT is

begin
process (ITALIC, SUB_ROW)
begin

if (ITALIC = '0') then == normal font
PLUS <= 4;

elsif (SUB_ROW <= 1} then -
PLUS <= {;

elsif (SUB_ROW <= 3} then
PLUS «<= ]1;

elsif (SUB_ROW <= 5) then
PLUS <= 2;

elsif (SUB_ROW <= 7) then
PLUS <= 3;

elsif (SUB_ROW <= 9) then == normal
PLUS <= 4; )

elslf (SUB_ROW <= 11} then == shift left
PLUS <= 5;

elsif (SUB_ROW <= 13) then
PLUS <= §;

else
PLUS <= 7;

1

shift right



end 1if;
end process;

end RTL;

- #lii#liiii!iillIiilll!ili!ilii#iﬁilliiiiliillllill!liliiilili!lllill!liiiﬁil

-~ microcontroller unit

library IEEE;

use IEEE.std_logic_l1164.all:

entity MCU is

port ( CLK : in std_logic;
nRESET : in std logic:
nCE_ROM : out std_logic: == ROM Chip Enable
nCS_RAM : out std_logicy == RAM Chip Select
nRD : out std_logic; == READ
nWR + out std_logic; -= WRITE
DATA_BUS : dnout std logic_vector (7 downto 0);
ADDR : out std_logic_vector(l5 downto 0); -
QE_ADC : out std logic;
PO in std_logic_vector(2 downto 0};

P2
H_SY¥NC t in
V_SYNC t in

nFIELD_IN : in

std_logic;
std_logic;
atd_logic;

R ;s out std logicy
G : out std_logic;
B : out std logic:
niR : in std logic:
ADC_CLK : out std_logic:
PWMO i out std logic:
PWM1 : out std_logic;
PWM2 i out std_logic:
PWM3 : out std_logic;
PWM4 t out std_logic;

CAPTION_IN : in

attribute buffer sig
attribute buffer_sig
attribute buffer sig
attribute buffer_sig

type string_array is

array (natural range<>, natural range <>} of character;

attribute pin_number

std_logic):

: string;
of CLK
of H_SYNC
of nIR

¢ signal is "BUFGP":
: signal is "BUFGP";
signal is "BUFGS";

.
H

== assign pin number

: string;

attribute array_pin_number : string _array;
attribute array_pin_number
{"P56","P58", "P59", "P61"™, "F65", "P67", "PEI","P71"%)};

attribute array_pin_number

of

Pl : out std logic_vector(7 downto 0);
! out std_logic_vector(3 downto 0);

‘of DATA_BUS

ADDR

("PlO" lIPgll "PB" "PT" wpsn npsu npdlt OIP3!I IlPBq“

"PBB","P82",“Pﬂl","PSO","PTB“,“P?B',"PTT“);

attribute pin_number
attribute pin_number
attribute pin_number
attribute pin_number
attribute pin_number
attribute pin_number

of CLK

of NRESET
of nCE_ROM
of nCS_RAM
of nRD

of nWR

48 va 4r e se ee

signal
signal
signal
signal
signal
signal

"Pl3";
"p72%;
"P62";
"P70";
"PE8";
HPGGII’.

{+Cutput Enable)

== B~pit DATA bus

104

16=bit ADDRESS bus

: signal

: signal

is

is



attribute pin_number of OE_ADC

attribute array pin_number of P0

: signal

: signal

is

is
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(|IP44H‘ "P45", !lp‘sll) :

attribute

(llplqll, "Plsﬂ' "Plsl!' HPl?‘l'l-' “Plaﬂ' llPlgll’ FIPZOIP' "923“) ;

array pin_number

of Pl

: signal is

attribute array_pin_number of P2 - : signal is ("P47","P48","P49","P50");
attribute pin_number of H_SYNC : signal is "P33";
attribute pin_number of V_SYNC : signal is “P36";
attribute pin_number of nFIELD_IN :+ signal 1is "p4aQ";
attribute pin_number of R ! signal is “p37";
attribute pin_humber of G : signal is "P38";
attribute pin_number of B : signal is "P39";
attribute pin_number of nIR : aignal is "P29";
attribute pin_number of ADC CLK + signal is "P51";
attribute pin_number of PWMO : signal 1s "p24";
attribute pin_number of PWM1 ¢ signal is "P25";
attribute pin_number of PWM2 : signal is "P2€";
attribute pin_number of PWM3 ¢ signal is "P27";
attribute pin_number of PwM4 : signal is "P28";
attribute pin_number of CAPTION_IN : signal is "P57";
end MCU;
architecture MASK of MCU is
attribute buffer_sig of CLK_DIV2 : signal is “BUFGS";
attribute buffer sig of CLK DIV24 ¢ signal is “BUFGS™;
attribute buffer_sig of CLK DIV256 : signal is "BUFGS";
component CPU
port{ CLK ¢ in atd_logicy
nRESET t in atd logic:
HALT t in std logiecs
nCE_ROM t out std logic: -~ ROM Chip Enable
nCS_RAM i out std logic; -— RAM Chip Select (+Qutput Enable)
nRD i out std_logic: == READ
nWR : out atd_logic; -= WRITE
DATA_IN i in std_logic_vector(7 downto 0):
DATA_OUT ¢ out std_logic_vector(7 downto 0);
2_CT : out std_logic;
STORE_DIR t out std logicy -= load or store
direction
IO_ADDR ¢ out std_logic_vector{3 downto 0); -- internal address for
memory map i/o
ADDR : out std_logic_vector(l4 downto 0};
OSD_STATE : out std logic;
OE_ADC ! out std _logic):

end component;

component DIV _CLX
port{CLK &
NRESET H
DIV2
DIV4
DIVE
DIV1é
DIVZ4
DIV32
DIVé4
DIv1zs
DIV256
end component;

component IO PORT

: out
: out
: out

in std_logic;

in std_logic;

std_logic;
std_logic;
std_logic;
atd_logic;
std_logicy
atd_logicy
std_logic;
std_logic;
atd_logic):

out
out
out
out
out
out

port (CLK : in std_logic:
nRESET ¢ in std_logicy
STORE_DIR : in std_logic;
IC_ADDR : in
DATA_IN : in

std_logic_vector (3 downto 0}
std_logic_vector (7 downto 0);



DATA_OUT

Z_CT

PO_IN

P1_OUT

PZ_oUT
end component;

component GEN_OSC

port( nRESET
FBM
F500K
Fl6K
F490
F245
Fl123
F4l
Fl5 H
F? H
F4 H
F2 :
Fl :
F05

end component;

ae wr ome b H 9 e a8

component OSD

port{ H_SYNC :
V_SYNC
CLK H
CLK_DIV2:
F4l H
Fl :
FIELD H
DATA_IN :
ADDR_OUT:
nCE_ROM :
ncs_RAM
R H
G H
B H
HALT_OUT:
STORE_DIR
10 _ADDR
nRESET

end component;

component IR _PRE

port{ CLK H
nIR H
CLK_DIV2
nRESET
STORE_DIR
I0_ADDR
DATA_IN
DATA_OUT
Z_CT

end component;

component PWMx5
port (CLK
nRESET
CLK_DIV2
STORE_DIR :
IO_ADDR :
DATA_IN :

end component;

component CAF_PRE

port (CLK H
CAP_DATA :
FIELD H
H_SYNC
V_SYNC :
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out std_logic_vector{7 downto 0};
out std_logic:

in std_logic_wvector(2 downto 0);
out std_logic_vector(7 downto 0};

: out std_logic_vector(3 downto 0});

in std_logicy

out
out
out
out
out
out
out
out
out
out
out
out
: out

std_logic;

std_logic; '
std_logic;

std_logic;

std_logic;

std_logic;

std_logic:

std_logic;

std_logic;

std_logic:

std logic;

std_logic;

atd_logic): =

std_logic;

std_logic:

std_logic;
std logicy
std_logic;
std logic:

std_logic;

std_logic vactor(7 downto 0);
std_logic_vector(i4 downto 0};
atd_logic:

std logic:

std_logic;

std_logics

std_logic;

std_logic;

in std _logic:

in std_logic_vector(3 downto 0);
in std logic):

in std_logic:
in std_logic:

v
.
»
b
v
H

in std_logic:

in std_logic:

in std_logic;

in std_logic_vector{3 downto 0);
in std logic_vector(? downto 0);
out std_logic_vector(7 downto 0);

i out std_logic};

t in std logics
¢ in std logics

in std logics

in std_logic;

in std_logic_vector(d downto 0};

in std_logic_vector(7 downto 0);

nEWM _OUTO,nPWM_OUTL,nPWM_OUTZ,nPWM_OUT3,nPWM_OUT4 : out atd_logic)s

in
in
in

: in

in

std_logicy
std_logic;
std_logic;
std_logic;
std_logic:



CLK_DIvZ2 : in std_logicy
nRESET : in std_logic;
STORE_DIR : in std_logic;
IO_ADDR : in std_logic_vector{3 downto 0};
DATA_IN t in std_logic_vector(7 downto Q);
DATA_OUT : out std_logic_vector(7 downto 0);
Z_CT i out std_logic):
end component;
signal CLK_DIVZ : std_logic;
signal HALT i std_logic;
signal nCE_ROM_CPU : std_logic:
signal nCS_RAM_CPU : std_logic;
signal nRD_CPU : std_logicy
signal nWR_CPU : std_logic;
signal DATA_OUT _CPU : std_logic_ vector(? downto 0);
signal z_CT_CPU + std_logic: -
signal STORE_DIR : std_logics
signal IO_ADDR : std logic_ vector(3d downto 0);
signal ADDR_CFU i std_logic_vector{ld downto 0};
signal OSD_STATE ; atd logic; i
signal INT DATA_BUS : std_logic_vectoz {7 downto 0):
signal DATA_OUT_IO PORT : std_logic vector(7 downto 0};
signal Z_CT_IO_PORT : std logic;
signal F4l ; std_logic;
signal Fl : std_logicy
signal FIELD ; std logic;
signal ADDR_OSD : std_logic_vector(l4 downto 0);
signal nCE_ROM _OSD : std. logic: .
signal nCS_RAM_0SD : std logic;
signal HALT OUT : atd_logic;
signal CLK_DIV256 : std logics
signal DATA OUT_IR_PRE : std logic vector{? downto 0);
signal 2_CT_IR-PRE : std_logic;
signal CLK_DIV1é : std_logic;
signal CLK_DIVZ4 i std_logic;
signal nPWMQ ¢ std_logic:
signal nPwMl : std_logic;
signal nPWM2 ¢ std_logic:
signal nPWM3 : atd_logic;
signal nPWM4 + std_logicy
signal DATA_OUT_CAPTION : std logic_vector(7 downto Q);
signal Z_CT_CAPTION : std_logic;
begin
ul : CPU port map (CLK_DIV2, nRESET, HALT, nCE_ROM _CPU, nCS_RAM CPU,
nRD_CPU, nWR_CPU, DATA . _BUS, “DATR _OUT_CPU, Z _CT_CPU,
STORE_DIR, IO_ADDR, ADDR_CPU, osh _STATE, OE ADC).
u2 : DIV_CLK port map (CLK, nRESET, DIVZ => CLK _DIV2, DIV16 => CLK _DIV16,
DIV24 => CLK_DIV24, DIV256 => CLK_DIV256);
u3 : IQO_PORT port map (CLK_DIV2, nRESET, STORE _DIR, IO_ADDR, DATA_BUS,
DATA_OUT_I10_PORT, Z_CT_IO PORT, PO, Pl, P2};
u4 : GEN_OSC port map (nRESBT, F4l => Fdl, TFL > | Fl);
u5 : OSD port map (H_SYNC, V_SYNC, CLK, CLK DIV2, F4l, Fl, FIELD,
INT_DATA_BUS, ADDR_OSD, nCE ..ROM_OSD, nCS_RAM_O0SD,
R, G, B, HALT '_OUT, STORE_DIR, IO _ADDR, nRESET) ;
u6 : IR_PRE port map (CLK DIVZSS, nIR, CLE_DIV2, nREBET, STORE DIR,
IO_ADDR, INT_DATA_BUS, DATA_OUT_IR_PRE, Z_CT_IR_PRE):;
u? : PWMxS port map (CLK_DIV24, nRESET, CLK DIVZ, STORE _DIR, IO ADDR,
g INT_DATA_BUS, nPWMO, nPWM1l, nPWM2, npPwM3, newMd )} ;
ub :

CAP_PRE port map (CLK, CAPTION_IN, FIELD, H_SYNC, V_SYNC, CLK DIV2,
NRESET, STORE DIR, IO_ADDR, INT_DATA_BUS,
DATA_OUT_CAPTION, Z_CT_CAPTION);
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ADPR{15) <= Q'

DATA_BUS <= INT_DATA_BUS;
INT_DATA_BUS<= DATA_BUS;
HALT <= HALT OUT;

FIELD <= not (nFIELD_IN};
ADC_CLK <= CLK_DIV16; .
PWMO <= not {nPWMO);

PWM1 <= not (nPWMl);

PWM2 <= not {nPWM2);

PWM3 <= not (nPWM3);

PWM4 <= not{nPWM{};

process (2_CT_CPU, DATA_OUT_CPU)
begin
i1f {2 _CT CPU = '1'} then
INT _DATA_BUS <= "22ZZZ22Z";
else . -
INT_DATA_BUS <= DATA_OUT_CPU;
end Lif;
end proceas;

process (2_CT_IO_PORT, DATA_OUT_IO PORT}
begin
if (Z_CT_IO PORT = '1') then
INT_DATA_RUS <=~ “ZZZAZZIZL";
else
INT_DATA_BUS <= DATA_CUT_IO_PORT;
end it;
end proceas;

process (2_CT_IR_PRE,DATA_OUT_IR_PRE)
begin
if (2 CT IR_PRE = '1'} then
INT_DATA_BUS <= NEZ2222ZZ";
else
INT_DATA_BUS <= DATA_OUT_IR PRE;
end if;
end process;

process(Z_CT_CAPTION, DATA_OUT CAPTION)
begin
if (Z_CT_CAPTION = ‘'1%) then
INT_DATA BUS <= "ZZZZEZZZZ";
else
INT_DATA_BUS <= DATA_OUT CAPTION;
end 1%;
end process;

process (OSD_STATE, ADDPR_CPU, nCE_|
nCE_ROM_OSD, nCS_RAM 0SD)
begin
if (OSD_STATE = '0'} then
ADDR(14 downto 0} <= ADDR_CPU;
nCE_RQM <« nCE_ROM_CPU:
nCS_RAM <= nCS_RAM_CPU;
nRD <= aRD_CPU;
n¥R <= nWR_CPU;

ROM_CPU, nCS_RAN_CPU, nRD_CPU, nWR_CPU, ADDR_OSD,

else
ADDR{14 downto 0) <= ADDR_OSD;
nCE_ROM <= nCE_ROM_OSD;
nCS_RAM <= nCS5_RAM_OSD;

nRO <= Q!
nwR = '1°;
end if;

end process;

end MASK:
- llIillllilli!llll!l!li!!liiilIil!illiiiill!lil!iilillilliQIQICOOQliliillllil
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library IEEE;
use IEEE.std_logic _l164.all;

entity
port{

osp is
H_SYNC :
V_SYNC
CLK
CLK_DIVZ
F41
Fl
FIELD
DATA_IN :
ADDR_OUT:
nCE_ROM :
nCS_RAM :
R H
G :
B H
HALT_QUT:
STORE_DIR
IO_ADDR
nRESET

AT

end OSD:

in
in
in
in
in
in
in
in

out

ou
ou
ou
ou
ou

t
t
t
t
t

out

std_logicy
std_logic;
std_logic:
std_logic:
std_logic;
std_logic:
std_logic;
std_logic_vector (7 downto 0};
std_logic_vector(l4 downto 0):
std_logic;
std_logic;
std_logic:
std_loegic:
std_logles
std_logic:
in std_logic:

: in std logic_vector(3 downto 0):

in atd_logic);

architecture RETLIST of OSD is

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

component OSDTIMER

port(

PLUS
PLUS_V
ROW
SUB_ROW
CcoL
SUB_COL
HALT
HALT2

DISP?_ROW_NO

CODE

ATTR

FONT

ADDR
ENABLE_SIG
ITALIC
DOT
FLASH
COLOR
THAI
PAGE
SCROLL
SEL
ROW_REGO
ROW_REG1
ROW_REGZ :
ROW_REGJ :
BRCKGROUND
SW

ENABLE

n am be 44 44 4

H_SYNC
V_SYNG
CLK
CLK_DIVZ2
SEL
PLUS
PLUS_V
HALT
HALT2
ROW
SUB_ROW
CoL
SUB_COL

end component;

wd 44 BE B8 ee ma

integer range 0 to 7;
integer range 0 to 15;
integer range 0 to 31;
integer range 0 to 15;
integer range 0 to 63;
integer range 0 to 15;

std_logic;
std_logic;

integer range 0 to
std_logic vector(7 downto 0);
atd_logic_vector(4 downto 0);
std_logic_vector (7 dewnto 0);
std logic_vector (15 downto 0):;
std_logic;

std_logic:

std_logicy

std_logic:

std_logic_vector(2 downto 0);

3;

atd_logic;
std_logic;
std_loglic;
atd_logic;

integer
integer
integer
integer
: std_

.
H

range
range
range
range
logic:
std logic:

0 to 15;
0 to 15;
0 to 15;
0 to 15;

: std _logic;

G ®8 A4 b8 43 we anm

- 4e

: out integer range

in
in
in
in
in
in

std_logic;
std_logic:
std_logic;
std _logicy
std_logic;
integer range 0 to 7;
in integer range 0 to 15;
in std_logic;

out std_logic;

ocut integer range
out integer range
out integer range

-- V_CLK
-~ RESET

0 to
0 to
0 to
0 to

31;
15;
63;
15);
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-- R,G,B
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VERTICAL COUNTER



component ITAL_CT

port {ITALIC : in std_logic;
SUB_ROW : in integer range ¢ to 15;
PLUS : out integer range ¢ to 7)¢

end component;

component ADDR_OSD
port {COL : in integer range 0 to 63;
SUB_COL : in integer range 0 to 15;
SUB_ROW : in integer range 0 to 13;
THAI t in std_logic;
FAGE ¢ in std_logic;
DISP_ROW_NO : in integer range O to 3;
FIELD : in atd_logic:
CODE t in std_logic_vector(7 downte 0);
ADDR : out std_loglc_vector (15 downto 0)):
end component;

component DATA_BUF

port{ CLK + in std_logic;
SUB_COL + in integer range 0 to 15;
DATA_IN : in std_logic_vector(7 downto 0);
ATTR_DATA : out atd logic vector(d downto 0); -- F,I,R,G,B

CODE_DATA ! out std_logic_vector(7 downto 0):
FONT_DATA  : out std _logic_vector(7 downto 0});
end component;

component DOT_SEL

port{ CLK 1 in std_logic;
SUB_COL : in integer range 0 to 15:
ENABLE ¢ in std_logics
FONT DATA : in atd logic vector(7 downto 0};
DOT ¢ out atd legic):

end component;

component SCRL_CT

port (SCROLL t in std_logic:
CLK i in std logics
FLUS_V : out integer range 0 to 15};

end component:;

component OSDLOGIC

port{ DoT i in std logic:
F0S i in std logicy
BACKGROUND : in std_logic;
ENABLE : in std_logic:

FLASH : in atd_logic;

COLOR : in std_logic_vector(2 downto 0}; -- R,G,B
R : out std logic:

G : out std_logic:

B ; out std_logic:

sW : out std logic);

end component;

component CMP_R_PK

port( ROW_REG(Q : in integer range to 15;

0
ROW_REG1 : in integer range 0 to 15;
ROW_REG2 : in integer range 0 to 15;
ROW_REG3 : in integer range 0 to 15;
ROW : in integer range 0 to 15;
DISP_ROW ! out integer range 0 to 3;

HALT t out std_logic);
end component;

component OSD_REG

port (CLK t in std_logic;
NRESET : in std_logics
STORE_DIR : in std_logicy
I0_ADDR : in std_logic_vector(d downto 0);
PATA_IN : in std_logic_vector{7 downto 0);
THAL 1 out std_logic;

PAGE i out std_logic;
SCROLL i out std_logic;

110



end compo
begin
ul :

u2
ul

[T TS

ug
ud
ué
u?

"o

us

e

ug

SEL
ROW_REGO
ROW_REG1
ROW_REG2
ROW_REG3

nent;

OSDTIMER port map (H_SYNC, V_SYNC, CLK, CLK_DIV2, SEL, PLUS,

 we 0w

out std_legic;

out integer range 0 to 15;
out integer range 0 to 15;
out integer range 0 to 15;

+ out integar range 0 to 15);
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PLUS_V, HALT, RALT2, ROW, SUB_ROW, COL, SUB_COL);
ITAL_CT port map (ITALIC, SUB_ROW, PLUS);
ADDR_OSD port map (COL, SUB_COL, SUB_ROW, THAI, PAGE, DISP_ROW_NO,

FIELD,
DATR_BUF port map (CLK, SUB_COL, DATA_IN, RTTR, CODE, FONT);

CQOOE, RADDR):;

DOT_SEL port map (CLK, SUB_COL, ENABLE SIG, FONT, DOT):
SCRL_CT port map (SCROLL, F4l, PLUS_V};

R, G,

B, sW):

: OSDLOGIC port map (DOT, Fl, BACKGROUND, ERABLE SIG, FLASH, COLOR,

CMP_R _PK port map (ROW_REGO, ROW_REGl, ROW_REG2, ROW_REG], ROW,
DISP_ROW_NO, HALT):
OSD_REG port map {CLK DIVZ, nRESET, STORE_DIR, 10_ADDR, DATA_IN, '
THAI, PRGE, SCROLL, SEL, ROW_REGO, ROW_REGI,

ROW_REG2, ROW_REGJ);

ENABLE_SIG <= HALTZ and EWARLE;:

HALT_OUT

nCE_ROM <= RDDR(15);
nCS_RAM <= not (ADDR({15});

<= ENABLE_SIG;

ADDR_OQUT <= ADDR(1l4 downto 0}:
FLASH <= ATTR(4);
ITALIC <= ATTR{3);
COLOR <= ATTR(2 downto, ()
BACKGROUND <= 'Q';
ENABLE <= '17;
end NETLIST! .
eedR LI I LA L L L L L R L I ey L I S T R I Y T NI I Y]
~« 0OSD register
library IEEE;
use IEEE.std_logic_1164.all;
Library EXEMPLAR;
use exemplar,exemplar.all;
entity OSD_REG is
port (CLK t in std_logle;
RRESET ¢ in srd logicy
STORE_DIR : in std_logic;
IO_ADDR : in std_logic_vector(3 downto 0};
DATA_IN : in std _loglc_vector(7 downto 0);
THAL 1.out std_logics
PAGE : out std_loglc:
SCROLL : out std_logic;
SEL : out std_logic;
ROW_REGO : out integer range 0 to 15;
ROW_REGl : out integer range 0 to 15;
ROW_REG2 : out integer range 0 to 15;
ROW_REG) : out integer range 0 to 15);
end OSD_REG;
architecture RTL of OSD_REG is

== function evec2int (1: std_ulogic_vector)
-+ Translate unsigned vector into integer representation

function evec2int (i: std_logic_vector)
return natural is
variable result: natural := 0;

attribute synthesis_xerurn of result:variable is "FEED_THROUGH" ;

begin

return natural;

H
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for tl in l'range loop
result := result * 2;
if (1(tl) = *1* or 1(tl) = 'H'} then

result := result + 1;

end if;

end loop!

raturn result;

end svec2int;

begin

process(CLK,nRESET,IO_ADDR,STORE_DIR)
bagin
if {nRESET = '0') then
ROW_REGO <= 2;
ROW_REG1 <= 2;
ROW_REG2 <= 2; . -
ROW_REG2 <= 24

THARI <= '0';
PAGE <= '0';
SCROLL <= '0';
SEL <= '0';

elsif (CLK = *'0'} and {(CLK'event) then
if (STORE_DIR = 'l'; then -="STORE DATA
if (IO RDDR = “0100") then
ROW_REGO <= evec2int(DATA_IN(3 downto 0));
elsif (IO ADDR = "(0101"} then :
ROW__ REGL <= evecZint (DATA_IN(3 downto 0));
elsif (IO ADDR = "0110") then
ROW_| REGZ <w evecZint {DATA_IN(3 downto 0});
elsift (IO ADDR = "0111") then
ROW_| REG3 <= evecZint (DATA_IN(3 downto 0});
elsif (IO ADDR = "1000") then
THRI K DATA_IN(B).'
PAGE <m DATA_IN(2);
SCROLL <= DATA_IN{l};
SEL <= DRTA_IN{0);
end if;
end ify;

end if;
end process;

end RTL;
- f""'“""'"'""l"lllll.l..l..l..l..l'..l...ll..'.""'."l'l""i"'ﬂ'.

-~ 08D output controller

———— -

library IEEE;

use IEEE.std logic_l164.all;
Library EXEMPLAR:

use exemplar,exemplar.all;

entity OSDLOGIC is

port{ bor : in std_logic:
FO5 4 in std logic;
BACKGROUND : in std_logic;

ENABLE : in std_loglc;

FLASH : in std_logicy

COLOR ¢ in std_logic_vector(2 downto 0); -- R,G,B
R : out atd_logic;

G : out atd logic:

B t out std_logicy

S : out std_logic);

end OSDLOGIC
architecture RTL of OSDLOGIC is

signal DOT_SIG : atd_logic;
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begin
DOT_SIG <= DOT and (not{FLASH) or FO05);
<= COLOR{2) and DOT_ SIG;

<= COLOR({1l) and DOT_SIG; -
<= COLOR{0) and DOT_SIG;

wox

process (ENABLE, BACKGROUND, DOT_SIG)
begin
if (ENABLE = '0'}) then
SW <= 'Q';
elsif (BACKGROUND = '0') then
SW <= DOT_SIG;
else
SW <= '1';
end 1f; . -
end process; 2

end RTL;
—— ATV RR R R TR RO R AR AR R AR AR DR DA R R R AR RN

== 0SD timer

Library IEEE;

use IEEE,Std_Logic_1164.all;
Library EXEMPLAR;

use exemplar.exemplar.all:

entity OSDTIMER is

port( H_SYNC t in std_logic; == V_CLK (Vertical Cleck)
V_SYNC ¢ in std logic: ~~ RESET VERTICAL COUNTER
CLE : in std_logic;
CLK_DIV2 ¢ in atd logic;
SEL ! in std_logicy
PLUS i in integer range 0 to 7;
PLUS_V ¢ in integer range 0 to 15;
HALT : in std logic;
HALT2 : out std_logic;
ROW : out integer range 0 to 31;
S0B_ROW : out integer range 0 to 15;
COoL i out integer range 0 to 63;
sUB_COL : out lnteger range 0 to 15};

end OSDTIMER;:
architecture NETLIST of OSDTIMER is

signal H_CLK ¢ std_logic;
signal V_CLK +std_logic;

component H_CQUNTR
port (H_SYNC : in std_logic; ~~ RESET Horizontal counter
CLK ¢ in std_logic; -- Clock for Horizontal counter
PLUS : in integer range 0 to 7;
CoL : out integer rangs 0 to 63;
SUB_COL: out integer range 0 to 15);
end component;

component V_COUNTR
port{V_SYNC : in std_logic; ~~ RESET VERTICAL COUNTER

H_SYNC : in std_logic: == V_CLK (Vertical Clock)
PLUS_V : in integer range 0 to 15;
HALT ¢ in std_logic;

HALTZ : out std_logic:

ROW : out integer range 0 to 31;

SUB_ROW: out integer range 0 to 15);

end component;

component SEL_CLK

port( CLK + in std_logic;
CLK_DIV2: in std_logic;
H_SYNC : in std_logic;



V_SYNC
SEL
H_CLX
V_CLK

end component:

begin

ul : H_COUNTR peort map (H_S¥YNC,
u2 : V_COUNTR port map (V_SYNC,
u3 : SEL_CLK port map (CLK, CLK_DIV2, H_SYNC, V_SYNC,

end NETLIST;

== AR TR PR RN R R PR RO BRI AR R RO R R RR NIRRT RN R RN NI RO R RN

: in std_logic;
in std_logic;
out std_logic;
out std_logic):

V_CLK, PLUS_V, HALT, HALTZ,
SEL,

—_— e

==~ 10-bit addex/subtractor

library IEEE;

use IEEE.std_logic_l1164.all;
Library EXEMPLAR;
use exemplar.exemplar.all:

entity PWM_REG is

port (CLK i in std_logic:
nRESET t in atd logicy
STORE_DIR ! in atd_logic;

IO_ADDR : in std_logic_vector(3 downto 0);
DATA_IN : in std logic_vector(? downto 0):

PWMOL
PWMOH
PWM1
PWM2
PWM3
PWM4
end PWM_REG;

i out std_logic_vector (6 downto 0);
t out std_logic_vector(6 downto 0);
out std_logic_vector (5 downto 0);
out atd_logic_vector (5 downto 0);
out atd_logic_vector(5 downto 0);
out std_logic_vector(S downto 0});

s 23 se me

architecture RTL of PWM_REG is

begin

process (CLK, nRESET, 10 _ADDR, STORE_DIR}

begin

if (nRESET = '0') then
PWMOL <= "0000000";
PWMOH <= "0000000";

PWM1
PuM2
PWM3
PWM4

<= "000000%;
<= "000000";
<= "000000";
<= "000000";

elsif (CLK = '0') and (CLK'event) then

if (STORE_DIR = '1’) then

end

end if;

end process;

end RTL:;

== STORE DATA
if (IO_ADDR = "1001") then

PWM1 <w= DATA _IN(S downto 0);
elsif (IO ADDR = "1010") then

PWM2 <= DATA_IN(S downto 0);
elsif (IO_ADDR = "1011") then

PWM3 <= DATA_IN{S downto 0}:
elsif (IO_RDDR = "1100") then

PWM4 <= DATA_IN{(S downto 0}
elsif (IO _ADDR = "1101") then

PWMOL <= DATA_IN(6 downto 0};
elaif (IO_ADDR = "1110") then

PWMOH <= DATA_IN{6 downto 0);
end if;
if;

H_CLK, PLUS, COL, SUB_COL}:

ROW, SUB_ROW};
H_CLK, V_CLK};
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-~ PWM x 5 unit

=) - L]

library IEEE;
use IEEE.std_logic_116

entity PWMx5 is

port {CLK
nRESET :
CLK_DIV2 :
STORE_DIR : in s
IO_ADDR 1 in s
DATA_IN t in 8
nPWM_OUTO, nPWM_OU

end PWMx5;

4.all;

: in std_logic:

in std_legic;

in std_legic:

td logic;

td_logic_vector(3 downto 0);:

td_logic_vactox(7 downto 0);
T1,nPWM_OUT2,nPWM_OUT3,nPWM_OUTd : out std_logic):

architecture NETLIST of PWMx5 is

component COUNT14B
port {CLK 2
NRESET :
COUNTTHIGH :
COUNTTLOW
end component;

component CMP7B
port (CLXK
COUNTT
DATA_IN
nPWM_OUT
end component;

e #e 3s se

component ADD_PLS

port (DATA_IN H
COUNTTHIGH :
COUNTTLOW
nPWMBBIT :
nPWM14BIT :

end component;

component PWM_REG

port (CLK :
nRESET H
STORE_DIR
IO ADDR
DATA_IN :
PWMOL H
PWMOH H
PWM1 :
PWM2 H
PWM3 H
PWM4 H

end component;

: in 'std logic_vector(7 downto 0}

t out std_logic_vector(5 downto 0

in std_logic:
in atd_logic:
out std logic_vector(6 downto 0);
out std logic_vector(6é downto 0));

in std_logic;

in std_logic_vector(6 downto 0);
in std_legic wvector(6é downto 0);
out std logic);

in std_logic_vector(6é downto 0); =-- input 7-bit
in std_logic_vector{6 downto 0); =-- counter 7-bit high order
in std_logic_vector{é downto 0); -- counter 7-bit low order

¢t in std_logic; -- input from pwm 7-bit input

out std_logic})s == output pwm l4-bit

in std_logics

in std_logic:

in std logic:

in std_logic_vector(3 downto 0}:
’

out std_logic_vector(6 downto 0);

out std_logic_vector(6 downte 0)

out std_logic_vector (5 downte 0);
)

out std_logic_vector(S downto 0)
out std logic_vector(5 downto 0}

.
¥’

signal COUNT7_H : std_logic_vector(6é downto 0);
signal COUNT? ! std logic_vector(6 downto 0};

signal nPWMO_TEMP : st

signal PWMOL
signal PWMOH
signal PWM1
signal PWM2
signal PWM3
signal PWM4

Y R TR Ty S

std_,

d_logic;

std_loglic_vector(6 downto 0};
std_logic_vector(6 downto 0};
std_logic_vector(6 downto 0);
std_logic_vector (6 downto 0);
std_logic_vector(6 downto 0);

logic_vector (6 downto 0);

signal PWM1 TMP : std logic_vector(5 downto 0};
signal PwWwM2_TMP : std_logic_vector (5 downte 0);
signal PWM3_TMP : std_logic_vector(5 downto 0};

signal PWM4_TMP : std_

begin

logic_vector(5 downto 0);
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ul : CMP7B port map (CLK,COUNT?, PNHOH,nPﬂHD TEMP) ;
uz : CMP7B port map (CLK,COUNT?7,PWM1,nPWM_OUT1);
ul 3 CMP7B port map (CLK,COUNT7,PWM2, nPWM OUTZ):
ud : CMRTB port wap (CLK,COUNT7. PWM3, nPWH_pUTS];
uS : CMP7B port map (CLK,COUNT7,PWM4,nPWN_OUT4);

ué : COUNT14B port map (CLK,nRESET,COUNT? H,COUNT?),

u? : ADD_PLS port map {PWMOL,COUNT? H,COUNTT,nPwHO TEMP, nPWM_OUTO) ;

ug PWH REG port map {(CLK_DIV2, nRESET, STORE_DIR, IO_RDDR, DATA_IN,
PWMOL, PWMOH, PWM1_TMP, PWMZ TMP, PWMI_TMP, PWM4 THP),

PWML <= PWM1_TMP&'0';
PWM2 <= PWM2_TMP&'0';
PWM3 <= PWMI_TMP&'0';
PWM4 <= PWMA_TMP&'0':

end NETLIST:
- llIiilillllilliliillillll!illiiliilllllillllililillllllil!illllIiliilllil‘il

-- reset caption clock divider

s 2 e - - e e e -

library IEEE;
use YEEE.atd_logic_l164.all;

entity RST_DIV is

port (COUNT255 : in integer range ¢ to 255; «~ input TIME BASE
ENABLE 1 in std_logic; -= 0dd Field & Line 22
CAP_DATAR  : in std_logic; ~= CAPTION input
CLK_EN : out std_logic; == enable CAPTION CLK
RST_DIV24 : out std_logic); -= RESET DIV24 signal

end RST_EIV:

architecture RTL of R3T_DIV is

begin
process (COUNT255, CAP_DATA, ENABLE)
begin
if {(ENABLE = 'l'}) then ~= Odd Field & Line 22
if (COUNT255 < 156) then -- CLOCK RUN-IN period
RST_DIV24 <= CAP DATA;
CLK_EN <= '0'; .
else -~ after CRPTION DATAh period
RST_DIV24 <= '0';
CLK_EN <= '1';
end if;
elae ~= NOT (odd & line 22)
RST_DIV24 <= '1';
CLK EN <= '0";
end if;
end process;
end RTL:

= RN R RN A R R R FR RN R RN RN RR NN AR RN NY

-- 8croll controller

- et et 1t e

library 1EEE;

use IEEE.std logic_l164.all;
Library EXEMPLAR;

use exemplar.exemplar.all:

entity SCRL_CT is
port (SCROLL ¢ in std_logic;

CLK : in std logicy

PLUS_V + out integer range 0 to 15);
end SCRL_CT:

architecture RTL of SCRL_CT is -

signal COUNT : integer range 0 to 15;
begin
process {SCROLL, CLK}

begin



if {SCROLL = '0') then
COUNT <m {;
elsif (CLK = '1') and (CLK'event) then
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-=- normal display disable counter

-- count when scrolling

if {(COUNT = 15} then

COUNT <w 15;
else
COUNT <= COUNT + 1;
end if;
end if;

end process;

PLUS_V <= COUNT;
end RTL;
- lilIillil#llillllillllI!Illllllillilll.llilllllllliil.llllllilillll!llilllll

-

-~ select frequency or half frequency

- = ot

- - - = - i o Ao Bt

Library IEEE;

use IEEE.Std_Logic_1164.all;
Library EXEMPLAR;

use exemplar.exemplar.ail;

entity SEL_CLK is
port ( CLK : in
“CLK_DIV2: in

std logic;
std_logic;

H_SYNC : in std_logic;
V_SYNC : in atd_ logic:
SEL : in std_logic:
H_CLK : out std logic;

V_CLK i
end SEL_CLK;

out std_logic):

architecture RTL of SEL CLK is
signal H_SYNC DIV2 : std_logic;

component COUNT1B

port{CLK : in std_logic;
nRESET : in std_logic;
QUT1RIT : out std_logic);

end component;

begin
ul : COUNT1B port map (H_SYNC, V_SYNC, H_SYNC_DIV2);

process (SEL,CLK,H_SYNC,CLE_DIV2,H_SYNC DIVZ)

begin
1f (SEL = '0'}) then
H CLK <= CLK;
V_CLK <= H_BYNC:
else
H_CLK <= CLK_DIVZ;
¥_CLK . <= H_SYNC DIV2;
end if;

end process;

end RTL;
- AR AR AR R AR AR R AR O R A AR R R R R R

— -

v

library IEEE;

use IEEE.std_logic_l164.all;
Library EXEMPLAR;

use exemplar.exemplar.all;

entity SHIFT12B is

port (DATA_IN in std_legicy

SHIFT : in std_leogic;
GATE : in std_logicy
IR_CODE : out std _logic_vectori5 downto 0}):



end SHIFT12B;

architecture RTL of SHIFT12B is
signal DATA_TMP : atd logic_vector(ll downto 0}
begin
process(DATA_IN,SHIFT,GATE)
begin
if (GATE = '0') then
DATA_TMP <= "000000000000";
elsif (SHIFT = '0'} and (SHIFT'event) then
DATA_TMP (10 downto 0) <= DATA_TMP(ll downto 1};
DATA_TMP{ll) <= DATA_IN;
end 1f;
end process;

process (DATA_TMP)
begin ; -
if (DATA_TMP(5 downto 0) = *110101*} then -~ DISTAR custom code
IR_CODE <= DATA_TMP(ll downto 6);
else
IR_CODE <= "000000%;
end if;
end process;

end RTL;
- lliil!lillili!illllll!iilIilIIlliililllilillilllllllllillll!llli!lllliililll

- - - - = v o vt

== 19-bit Shift register

Library IEEE;
use IEEE,S5td Logic 1l164.all;

entity SHIFT198 is

port {INPUT : in std_logic: == SERIAL INPUT
SHIFT t in std_logic: == SHIFT when go to HIGH
RESET : in std_logic; =-- RESET when data is read
START_BIT : out std logic_vector(2 downto 0j;
CHAR1 : out std logic_vector(7 downto 0); =-- CHARACTOR No.l

CHAR2 : out std logic_wector(7 downto 0}); =-- CHARACTOR No.2
end SHIFT19B;

architecture RTL of SHIFT19B is
signal INT_DATA : std loglc_vector(18 downto 0);

begin
proceas (INPUT, SHIFT, RESET) == SHIFT PROCESS
begin
if (RESET = 'l1'} then
INT_DATA <= "0000000000000000000;
elsif (SHIFT = '1' and SHIFT'event) then
INT_DATA(17 downto 0) <= INT DATA(l@ downto 1);
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INT_DATA(18) <= INPOT;
end if;
end process;
START_BIT <= INT DATA{2Z downto 0};
CHAR1{T) <= (INT_DATA{l0) xor INT_DATA(S) xor INT“DATA(ﬂb nor INT_DATA
{1)}) xor

(INT_DATA(6) xor INT_DATR(S) xor INT DATR(4) xor INT_DATA

(3)):
=~ PARITY BIT OF CHARACTOR 1
-~ if correct it is HIGH
CHAR1 (6 downto 0) <= INT_DATA(9 downto 3);
-- CHAR 1 DATA (MSB to LSB}
CHRAR2 (7) <= {INT DATA(18) xor INT_DATA(17) xor INT_DATA(16)}
INT_DATA(15]1) xor
{INT_DATA{14) xor  INT_DATA(13) xor INT_DATA(12)
INT_DATA(ll1));
== PARRITY BIT OF CHARACTOR 2
== if correct it is HIGH
CHAR2 {6 downto 0} <= INT_DATA(17 downto 1l1};

xor

Xxor
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«= CHAR 2 DATA {MSB to LSE)}

end RTL;
- IIIi#lilﬁl#iﬁliiﬁlllillIiﬁlIililiiiillliiililllllillill#ililiilliillﬁl#iilli
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library IEEE;

use IEEE.std_logic_l164.all:
Library EXEMPLAR;

use exemplar,exemplar.all;

entity DOT_SEL is

pert( CLK : in std_logic;
SUB_COL : in integer range 0 to 15;
ENABLE : in std logicy
FONT_DATA  : in std_logic_vector(7 downto 0); -
DOT : out atd_logic):

end DOT_SEL;
architecture RTL of DOT_SEL is

signal SUB_COL_BIT : std_logic_vector(3 downto 0});
signal HALF_SUB_COL : integer range 0 to 7;

-- Integer to signed or unsigned vector
function int2evec (l: integer; size: integer := 32) return std_logic_vector ia
varlable result: std_logic_vector(size-1 downto 0};
variable op: integer := 1;
variable neg_fl: boolean := false;
attribute synthesis return of resultivariable is "FEED_THROUGH" ;
begin
result ;= (size-1 downto 0 => '0'};
if op < 0 then
op = op * (~1):
neg_f£l := true;
end if;
for 1 in 0 to SIEZE-1 loop
if {op mod 2} = 1 then
" result (i)} := *'1' ;
end if ;
op = Op/2 ;
end loop :
return result;
end int2evec;

~~ function evec2int (l: std_logic_vector) return natural;
-~ Translate unsigned vector into integer representation
function evec2int {l: std_logic_vector)
return natural 1is
variable result: natural := 0;
attribute synthesis_return of result:variable is "FEED_THROUGR" ;
begin
for tl in l'range locp
result := result * 2;
if (1{tl) = *1' or 1{tl) = 'H') then
result := result + 1;
end if;
end loop;
return result;
end evec2int;

begin
SUB_COL_BIT <= int2evec(SUB_COL,4);
HALF SUB _COL <= eveclint(SUB_COL_BIT(2 downtec 0)):

process (FONT_DATR, HALF SUB_COL, ENABLE, CLK) == select bit no. to dot output
begin
if (ENABLE = '0') then
DOT <= '0°';

elaif (CLK = '1') and (CLK'event) then
DOT <= FONT_DATA(7 ~ HALF_SUB_COL);
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end if;
end process;

end RTL;
- IllilllliliIiiillllliillliilll!liiiiliillll#!li!iiliillllilliiiiillill!lli!i
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Library IEEE;

use IEEE,Std Logic_l1164.all;
Library EXEMPLAR;

use exemplar.exemplar.all;

entity V_COUNTR ia

port{V_SYNC : in std_logic; ~~- RESET VERTICAL COUNTER
H_SYNC : in std_logic; == -V_CLK (Vertical Clock) "
PLUS_V : in integer range 0 to 15;
HALT : in std logic;
HALT2 : out std _logicy

ROW ; out integer range O to 31!
SUB_ROW: out integer range 0 te 13):
end ¥_COUNTR:

architecture RTL of V_COUNTR is

signal DATA9R
signal DATASB_BIT

integer range 0 to 511;
std_logic vector (8 downto 0);

signal GND : std logic:
signal PLUS_V_BIT : std_logic_vector(B downto 0):
signal vCC t std_logic:
signal DATA9B_OUT : std_logic_vector(@ downto 0);
signal Cout ¢ std_logic;.
-- function evec2int {(l: std_logic vector) ' return natural;

-= Translate unsigned vector into integer representation

function evec2int (1l: std_logic_vector)
return natural is
variable result: natural := 0;
attribute synthesis rteturn of result:ivariable is “FEED_THROUGH" ;
begin
for tl in l'range loop
result := result * 2;
if (1(tl) = '1* or 1(tl} = 'H']) then
result := result + 1;
end if;
end locp!
return result;
end evecZint:

-- Integer to signed or unsigned vector
function int2evec (l: integer; size:!: integer := 32) return std_logic_vector is
variable result: std_logic_vector(size-1 downto 0});
variable op: integer := 1;
variable neg_fl: boolean := false;
attribute syntheais_return of result:variable is "FEED_THROUGH" ;
begin
result i= (size-l downto 0 => '0'};
if op < 0 then
op := op * (-1);
neg_fl := true;
end if;
for 1 in 0 to SILZE-1 loop
if (op mod 2) = 1 then
result (i} := *'1* ;
end if ; :
op = op/2 :
end loop
return result;
end int2evec;

component COUNTYB



port(nRESET : in std_logic; —=- RESET
: in std_logic: -- Clock
DATA9B: out integer range 0 to 511);

CLK

end component;

component ADD_SUBY
:in

port (A
B
Cin
ADD
5
end component;

.
H

in

: in

in

~=- for plus
atd_logic_vector (8 downto 0);
std_logic_vector (8 downto 0);
std_logic;
std_logic;

out std_logic_vector(8 downto 0});

component GN_HALTZ2

port( LINESH
HALT

. HALTZ

end component;

begin
vcc
GND

DATASB_BIT
PLUS_V_BIT

<.
L4

-
L]

: in std_logic_vector (8 downto 0);
+ in std_logic;
1 out std_logic):

|1I‘|
'Ol'-

int2evec (DATASB, 9}
intZevec(PLUS_V,9)

.
r
N
I

ul : COUNT9BR port map (V_SYNC, H_SYNC, DATASB) ;
u2 : ADD_SUBS port map {DATA9R_BIT, PLUS_V_BIT, GND, VCC, DATA9B_OUT) ;
u3 : GN_HALT2 port map {DATA9B_BIT, HALT, HALTZ);

ROW <= evec2int (DATA9B_OUT({8 downto 4)}
SUB_ROW <= evec2int (DATASB_OUT(3 downto 0})

end RTL;

3
¥
2
)

- llilll!lllillillll!Illi!il|ililllIllililililllllillllIlllliilllilIliillillll
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