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UZ k23-1 #H# 3o VHDL itk (sound.vhd)

library ieee;
use ieee.std_logic_1164.all;

entity SOUND is

port ( CLK: in std_logic;
INTERVAL: in integer range 0 to 25813; -- onteil
LD: in std_logic;
RESET: in std_logic;
SP: out std logic );
end SOUND;

architecture RTL of SOUND is
component TIMER2
generic( CYCLE: integer :=13500000 ); -- 0.5s at 27MHz
port ( CLK: in std_logic;
RESET: in std_logic;
POUT: out std logic;
LD: in std_logic;
DATA: in integer range 0 to CYCLE-1 );
end component ;

component TOGGLE
port ( SWO: in std_logic;
LEDO: out std logic );
end component;

signal POUT: std logic;

begin
U0l: TIMER2 generic map( CYCLE=>25813 )
port map( CLK=>CLK, RESET=>RESET,
POUT=>POUT, LD=>LD, DATA=>INTERVAL ) ;

U02: TOGGLE port map( SWO=>POUT, LEDO=>SP ) ;

end RTL;

URX 232 SEfiHT %% A~ —hlo VHDL il #l (timer2.vhd)

library ieee;
use ieee.std logic 1164.all;

entity TIMER2 is
generic( CYCLE: integer :=13500000); -- 0.5s at 27MHz
port ( CLK: in std_logic;
RESET: in std logic;
POUT: out std logic;
LD: in std_logic;
DATA: in integer range 0 to CYCLE-1 );
end TIMER2;

architecture RTL of TIMER2 is
signal CNT: integer range 0 to CYCLE-1:=0;

begin
process ( CLK, RESET, LD ) begin
if( RESET = '0' ) then CNT <= 0;
elsif( LD = '0' ) then CNT <= DATA;

elsif ( CLK'event and CLK='0') then
if CNT=0 then CNT <= DATA; POUT <= '1';
else CNT <= CNT-1; POUT <= '0';
end if;
end if;
end process;
end RTL;
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UZR23-3 YAF23-1%Y3Ialb—3¥ 335 VHDLZ##H (t_sound.vhd)

library ieee;
use ieee.std_logic_1164.all;

entity T _SOUND is
end T_SOUND;

architecture RTL of T SOUND is
component SOUND

port ( CLK: in std logic;
INTERVAL: in integer range 0 to 25813; -- ontei
ID: in std _logic;
RESET: in std logic;
SP: out std_logic ) ;

end component ;

signal CLK, LD, RESET, SP: std logic;
signal INTERVAL: integer range 0 to 25813;
constant PERIOD: TIME:= 37 ns; -- 1/27MHz

begin
U01:SOUND port map( CLK=>CLK, INTERVAL=>INTERVAL,
LD=>LD, RESET=>RESET, SP=>SP );

process begin
CLK <= '0'; wait for PERIOD/2;
CLK <= 'l'; wait for PERIOD/2;
end process;

process Dbegin
RESET <= '0'; LD <= 'l'; wait for PERIOD/2;

RESET <= '1'; wait for PERIOD;
INTERVAL <= 3; LD <= '0'; wait for PERIOD;
LD <= '1'; wait for PERIOD*20;
INTERVAL <= 5; LD <= '0'; wait for PERIOD;
LD <= '1'; wait for PERIOD*20;

assert false;
report "Simulation Complete !!"
severity Failure ;

end process;
end RTL;

/t_sound/U01/U01/CLK

/t_sound/U01/U01/RESET ﬁ / \

/t_sound/u01/U01/DATA 0 |3 5

/t_sound/U01/U01/LD \1 |_|

/e_sound/wor/wor/eor = |/ 1 [1 J1 1 [ 1
/t_sound/U01/SP | | | | | |—|—|—|_

(o> - nw ¥ TOGGLE [l 1)) )

233 JAN2B1NDYIal—Ta R
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UZA K234 HREOHSZ L %R T 5 VHDL itk (demo_sound.vhd)

library ieee;
use ieee.std_logic_1164.all;
use ieee.std _logic_unsigned.all;

entity DEMO_SOUND is
port ( CLK: in std logic;
RESET: in std_logic;
LEDO: out std logic;
LED1: out std_logic;
SP: out std_logic );
end DEMO_SOUND;

architecture RTL of DEMO_SOUND is
component SOUND

port ( CLK: in std_logic;
INTERVAL: in integer range 0 to 25813;
LD: in std _logic;
RESET: in std_logic;
SP: out std_logic );

end component;

type ROMARRAY is array (0 to 7) of integer range 0 to 25813;

constant SCORE: ROMARRAY := ( 12907, 11499, 10243, 9671, 8610, 7670, 6832, 6453 );
signal POINT: integer range 0 to 7;
signal CNT: integer range 0 to 13500000; -- 0.5 sec

signal INTERVAL: integer range 0 to 25813;
signal LD: std logic;

begin
UOl: SOUND port map( CLK=>CLK, INTERVAL=>INTERVAL, LD=>LD, RESET=>RESET, SP=>SP );

INTERVAL <= SCORE( POINT ) ;
process ( CLK, RESET ) begin
if (RESET = '0' ) then POINT <= 0; CNT <= 0; LD <= '1';
elsif ( CLK'event and CLK='0') then
if ( CNT = 13499999 ) then POINT <= POINT + 1; LD <= '0'; CNT <=0;
else CNT <= CNT+1; LD <= '1';
end if;
end if;
end process;
end RTL;
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UZR 235 JURZERE (dev.vhd)

library ieee;
use ieee.std_logic_1164.all;

entity DEV is
generic( CYCLE: integer :=13500000); -- 0.5S at 27MHz
port ( CLK: in std logic;
PULSE: out std logic;
RESET: in std_logic ) ;
end DEV;

architecture RTL of DEV is
signal CNT: integer range 0 to CYCLE-1;

begin
process ( CLK, RESET ) begin
if ( RESET = '0' ) then CNT<=0;
elsif ( CLK'event and CLK='0') then
if CNT=CYCLE-1 then CNT<=0; PULSE <= '1';
else CNT <= CNT + 1; PULSE<= '0';
end if;
end if;
end process;
end RTL;
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URK23-6 ¥ rhv sl (decount.vhd)
library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;

entity DCOUNT is

port ( CLK: in std logic;

PLS: out std_logic;

ID: in std logic;

DATA: in std _logic_vector (3 downto 0) );
end DCOUNT;

architecture RTL of DCOUNT is
signal CNT: std logic_vector (3 downto 0);

begin
process( CLK, LD )
begin
if( LD='0' ) then CNT<=DATA; PLS<='1l';
elsif ( CLK'event and CLK='0' ) then
if ( CNT="0001" ) then PLS<='0";
else CNT<=CNT-1; Step
end if;
end if;
end process;
end RTL;
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CONBKITMZ 5 CLKfEZ & LTi&, VA b 23512, LIS E NN
JiME5 PULSE # HHWA Z LIEWH) FTHH D FHA, TNTIE, ZTONBKEOH) X
VIV —FTHERELTAELEL ) VRN 2T HREDLDODOT A MY F i
WBEIC, RSFMELTIEL, 2, 4 ZMHICERELTVET,

235 8V Ialb—Ya VEERTY, DATAICE SHE7—% 24CAL, O—
FES LD % ZADO W20 1235 &, #7272 % CNT -~ DATA OfE
BHLEDHIZ, RIWMEIF-7ETPLS 271 &40 9, TD%kIE, 6Hz
DI FIZE Y CNT OMEN AT v b & v &R, 0 & 7% - 7R TR o3k
BEFOVTY Ty VT, PLSAWW0 Lo T L) THMRATEET,
UZKR23-7 VAF236%Y3I2al—3Y 395 VHDL U (¢t decount.vhd)

library ieee;
use ieee.std logic_1164.all;

entity T DCOUNT is
end T_DCOUNT;

architecture RTL of T DCOUNT is

component DCOUNT

port ( CLK: in std logic;
PLS: out std_logic;
LD: in std_logic;
DATA: in std logic vector (3 downto 0) );

end component ;

signal CLK, LD: std logic;
signal PLS: std logic:='0"';
signal DATA: std_logic_vector (3 downto 0) ;
constant PERIOD: TIME:= 167 ms; -- 1/6 sec
constant CLOCK: TIME:= 37 ns; -- 1/27 MHz

begin
U01:DCOUNT port map( CLK=>CLK, PLS=>PLS, LD=>LD, DATA=>DATA

process begin
CLK <= '0'; wait for PERIOD/2;
CLK <= 'l'; wait for PERIOD/2;
end process;

process begin

10

DATA <= "0010"; LD <= '0'; wait for CLOCK;
ID <= '1'; wait for PERIOD*10;
DATA <= "0100"; LD <= '0'; wait for CLOCK;
LD <= '1'; wait for PERIOD*10;
DATA <= "0110"; LD <= '0'; wait for CLOCK;
ID <= '1'; wait for PERIOD*10;
DATA <= "1000"; LD <= '0'; wait for CLOCK;

ID <= 'l'; wait

assert false;
report "Simulati

end process;
end RTL;

Step 7. BABYLERETEA

for PERIOD*10;

on Complete !!"

severity Failure ;
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/t_dcount/U01/CLK

/t_dcount /U01/DATA 2 X4 X6 X8
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/t_dcount /U01/PLS ‘\ \ L
E S (T olim))

F235 VAF23-6DYIal—a sfHE

23-8 \ R<HKEEEEO VHDL ol

23-7Hi TR L7z 2 2D (devivhd & deount.vhd) ZHAEGHEL T LI
FoT, 234 RLA-RSEMAEL MK TEE S, UX b 23812,
VHDL itk Bl 2 /8 L 9725, HI4 % U0l o i{E%5 PULSE %, REED 5™
YD 5 002 DANMES CLK ~NE&#E L7272 T,

U238 KWl %5 (length.vhd)

library ieee;
use ieee.std_logic_1164.all;

entity LENGTH is
port ( CLK: in std_logic;
LD: in std logic;
DATA: in std logic vector (3 downto 0) ;
RESET: in std_logic;
TEMPO: out std _logic );
end LENGTH;

architecture RTL of LENGTH is

component DEV
generic( CYCLE: integer :=13500000); -- 0.5S at 27MHz
port ( CLK: in std_logic;
PULSE: out std logic;
RESET: in std_logic ) ;
end component;

component DCOUNT

port ( CLK: in std logic;
PLS: out std_logic;
LD: in std logic;

DATA: in std logic vector (3 downto 0) );
end component ;

signal PULSE: std_logic; Step

begin CZERERT S

UOl: DEV generic map( CYCLE=>4500000 )

port map( CLK=>CLK, PULSE=xPULSE] RESET=>RESET ) ;
U02: DCOUNT port map( CLK=xPULSE] PLS=>TEMPO,

LD=>LD, DATA=>DATA ) ;
end RTL;
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UZA 239 A 23-8 0EfERER% 35 VHDL il (demo_length.vhd)

library ieee;
use leee.std_logic_1164.all;
use ieee.std logic_unsigned.all;

entity DEMO_LENGTH is
port ( CLK: in std_logic;
LEDO: out std _logic );
end DEMO_LENGTH;

architecture RTL of DEMO_LENGTH is
component LENGTH
port ( CLK: in std_logic;
LD: in std_logic;
DATA: 1in std logic vector (3 downto 0) ;
RESET: in std_logic;
TEMPO: out std_logic ) ;
end component;

component TOGGLE
port ( SWO: in std_logic;
LEDO: out std logic );
end component;

signal DATA: std logic_vector( 3 downto 0 );
signal H, LD, TEMPO: std_logic;

b i -\ T =y
L DATA-101001 <A EROR SN )

U01l: LENGTH port map( CLK=>CLK, LD=>LD, DATA=>DATA, RESET=> LD, TEMPO=>TEMPO ) ;
U02: TOGGLE port map( SWO=>TEMPO, LEDO=>LEDO ) ;

pIOC§ss( CLK, TEMPO ) begin TEMPO 75§,0, L:&of: 5
if ( TEMPO='0"' ) then LD<='0"'; ‘k i%?f-HﬁFEJ%:U—bﬂ‘Zg
elsif ( CLK'event and CLK='0') then LD<='l"'; RO I

end if;
end process;
end RTL;

23-9 \ RAT—hYIVELTELED D

HOOTHRRFHBT2ETA N TV T [N RET—5 L LTH
ABE, WY M LUTHEHRL, HESNTWLME)ITHZET L] L) bDTT,
Fi, COLILEER, THY - IARVRPRELIZAMNPR - TATILE
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type MY STATE is ( FETCH, DECODE, EXECUTE, WAITS );

signal MODE: MY STATE;
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UZXk23-10

library ieee;

use ieee.std_
use ieee.std

entity SCORE

port ( ADDR:
DATA:

A
\J

s .
A\\NV

\N

Iy

D) 5

SARN

x 120B x"1210", x"1412", x"141B", x"1417",

x"1219", x"1217", x"1417", x"1416", x"1416", x"1209", x"120B",
f?f?un ﬂib‘ ToER

I EHORS
K 23-9 #ilkT—5 0T () A+ 23-10 DHD DFERGT)

A7 — & @ VHDL itib 5l (score_rom.vhd)

logic_1164.all;
logic_unsigned.all; Conv_integer Z 3 %729 LC‘JZ‘%)

ROM is
in std _logic vector( 7 downto 0 );
out std logic_vector( 15 downto 0 ) );

end SCORE_ROM;

architecture

16 ¥ v |7 — & %% 256 4 % - 72K

RTL of SCORE ROM is

type romarray is array(0 to 255) of std logic_vector( 15 downto 0 );

constant romdata: romarray := ( -- it's a small world!
x"120B",x"1210",x"1412",x"141B",x"1417",x"1219",x"1217",x"1417",x"1416",x"1416",
x"1209",x"120B",x"1410",x"1419",x"1416" ,x"1217",x"1216",x"1414",x"1412",x"1412",
x"120B",x"1210",x"1412",x"1217",x"1219",x"141B",x"1219",x"1217",x"1414",
x"1219",x"121B",x"1420",x"121B",x"1219",x"1412",x"1420",x"141B",x"1419",x"1817",x"1417",x"2500",
x"1617",x"1217",x"141B",x"1417",x"1619",x"1219",x"1619",x"2200",

x"1619",x"1219",x"1420",x"1419",x"161B",x"121B",x"161B",x"2200",

Ml L4y

x"161B",x"121B",x"1422",x"141B",x"1620",x"1220",x"1420",
x"121B",x"1219",x"1412",x"1420",x"141B",x"1419",x"1817",x"1417",x"8000",
others => x"0000" );

begin

std_logic_vector 7 & integer D% %ﬁ)

DATA <= romdata( conv_integer (ADDR)) ;

end RTL;

TwET,
BRI FTH, BT 3O LOEHELTRABLTBLIDT, E
THICEZBEDLLZEEH) THA U AD23-10I1I2BWTH, constant & LT
16 EELROGHZIRBLTVET, Zhid, I3>v¥a—7OEEEZD ROM (G
WLUHH AEY)) ICHMST 28R T,
IR LT, AHEIWHERAE) L LTRAM DY), TOWEITI signal
D array & L CRLEGFT 2RI LI D ET, UXAM23-11128E Y I x 32
% FETE 2 RAM OZE il bl 2" L3, ROM O¥E & FkIZ, fAhdE
T 2% % 82T 5 A5 ADDR % JivwC, Als RAMBODY 0515 (R A5
ELTWwEYT, RW CTimAaHEOXH (1 Tl L '0 THiAR) 2L, ENOIL
EyzyvcuEEIhET, HFEALT—FEDINICRALTEBE, @mAHLE
F—%I1ZDOUT Ity bEhTEET,
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UZX~23-11 RAM @ VHDL it (ram8x32.vhd)

T RLVA:

P

library ieee;
use ieee.std logic_1164.all;
use ieee.std logic unsigned.all;

entity RAM8X32 is

port ( ADDR : in  std logic_vector (4 downto 0);
DIN : in  std_logic_vector (7 downto 0);
DOUT : out std logic vector (7 downto 0);
RAMS % 32 RW : in  std_logic; --1l:read, O:write
EN : in  std_logic );
ADDR @]\ end RAM8X32;

- :‘-}’; architecture RTL of RAM8X32 is
DIN |8t b 8 X type RAM TYPE is array (0 to 31) of std logic vector (7 downto 0);
A~ signal RAMBODY : RAM TYPE;
DOUT <8t k QE: :J signal ADR : integer range 0 to 31;
“e
RW begin
EN ADR <= conv_integer( ADDR ) ;

process( EN )
begin
if ( EN'event and EN='1') then
if (RW='1"') then DOUT <= RAMBODY( ADR ) ;
else RAMBODY ( ADR ) <= DIN;
end if;
end if;
end process;
end;

23-12 \ BENERTOt v Y OFEEE

BIAN TNV O&EKGEER23-10 IR LFET, LT, T NVIT— L2
MWL TWsHERHZ 7t v ¥ O VHDL itab iz U X b 28-12 1R LEF, Th
F TN L72wAH WA % VHDL Lk A%, e LTHHZI N TWwE Z LoD
PBHTLED. TNTIE, MEZB> TUHOTENEZFHL 3,

1&At®@%ﬁ%fi BT ARHIINT —F > - Uty B2V BEREMEHIC X9
27> TWTC, 43 RESET BifiA S0 ) £9, o4, STATE_ MACHINE :
process D) &> MLEE LT,

(DIRfE# %3 MODE % FETCH 127 %

@FEHHD ST — 7 MY MIMEEZIHLRTPCE 0TS
R EOEPMPHREINDL I LICR ) T,

ZZT,

PC <= (others=>'0"):
LWV I ERHNICEY T 5 [others] (X, TRETO [ZDELTRTOME] Lo
TEREWTIE RS, [WEY PTHKXENTWEO0bh ) FEADY) PC LW
IBEOEY Y 20 THORLT] LW HEEITT, generic L2 EIZL 5T,
WHRBOEEINLEFN 2 E, €y MERETERWEAEITHT2081Mb% &1
Hw s L fEF]T,
NI —F -ty MZLXoTPCOED'0 ICHEEEIND L, ZOHEKIC
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®23-10 BT 4V T — oLk EiE

UZA23-12 HEEZE 7ot v 4 —0 VHDL it f] (musicbox.vhd)

library ieee;
use ieee.std logic 1164.all;
use ieee.std logic_unsigned.all;

entity MUSICBOX is
port ( CLK: in  std logic;
RESET: in std logic;
SP: out std logic );
end MUSICBOX;

architecture RTL of MUSICBOX is

component SOUND

port ( CLK: in std_logic;
INTERVAL: in integer range 0 to 25813; -- ontei
1D: in std_logic;
RESET: in std_logic;
SP: out std logic );
end component ;
component LENGTH
port ( CLK: in std_logic;
LD: in std logic;
DATA: in std logic vector(3 downto 0);
RESET: in std logic;

TEMPO: out std _logic );
end component;

component SCORE_ROM
port ( ADDR: in std logic vector( 7 downto 0 );
DATA: out std logic vector( 15 downto 0 ) );
end component ;

( FETCH, DECODE, EXECUTE, WAITS );
MY_STATE;

type MY_STATE is
signal MODE:

type VALARRAY is array( 0 to 47 ) of integer range 0 to 25831;
constant INTVAL: VALARRAY := (

18 Step 7. BABYLERETEA



-- Do EE Re oo M1 Fa =0
25813, 24369, 22998, 21705, 20485, 19341, 18243,

So == Ra == Si Do
17219, 16245, 15341, 14486, 13664, 12907,

i i 1

0, 0, 0
12907, 12185, 11499, 10853, 10243, 9671, 9122, 8610, 8123, 7670, 7243, 6832, 6453, 0, 0, O,
6453, 6092, 5750, 5426, 5121, 4835, 4561, 4305, 4061, 3835, 3621, 3417, 3417, 0, 0, 0 );
ot = ST N
signal PC: std logic_vector( 7 downto 0 ); -- Program Counter #2320 E;ﬁf:r 4
signal IR: std_logic_vector( 15 downto 0 ); -- Instruction Register (5 4 ~—@Efh)
signal ROMOUT: std logic_vector( 15 downto 0 );
signal INST: std logic vector( 3 downto 0 ); -- Instruction
signal OP1: std logic_vector( 3 downto 0 ); -- Operend 1
signal OP2: std_logic_vector( 7 downto 0 ); -- Operand 2
signal VAL: integer range 0 to 25813; -- ontei
signal LEN: std logic_vector( 3 downto 0 ); -- nagasa
signal WFLAG: std logic; -- nagasa seigyo
signal LD: std logic; -- OP latch timing
begin
U01: SOUND port map (CLK=>CLK, INTERVAL=>VAL, LD=>LD, RESET=>RESET, SP=>SP);
U02: LENGTH port map (CLK=>CLK, LD=>LD, DATA=>LEN, RESET=>LD, TEMPO=>WFLAG) ;

U03: SCORE ROM port map (ADDR=>PC, DATA=>ROMOUT) ;

STATE_MACHINE: process( RESET, CLK ) is
begin

if ( RESET = '0' ) then MODE <= FETCH; PC <= (others=>'0');

elsif ( CLK'event and CLK='0' ) then
case MODE is
when FETCH => MODE <= DECODE;
when DECODE => MODE <= EXECUTE;
when EXECUTE => MODE <= WAITS;
when WAITS =>

if ( INST = "1000" ) then PC <= (others=>'0'); MODE <= FETCH; --Loop

elsif ( WFLAG = '0' ) then PC <= PC + 1;

end if;
end case;
end if;
end process;

FETCH state: process( RESET, CLK ) is
begin
if ( RESET = '0' ) then IR <=(others=>'0');
elsif ( CLK'event and CLK = '0' ) then
if ( MODE = FETCH )then IR <= ROMOUT;
end if;
end if;
end process;

DECODE_state: process( RESET, CLK ) is
begin
if ( RESET = '0' ) then INST <= "0000";
elsif( CLK'event and CLK = '0' ) then
if ( MODE = DECODE )then
INST <= IR( 15 downto 12 );
OP1 <= IR( 11 downto 8 );
OP2 <= IR( 7 downto 0 );
end if;
end if;
end process;

EXECUTE state: process( RESET, CLK ) is
begin
if ( RESET = '0' ) then LD <= '1';
elsif( CLK'event and CLK = '0') then LD <= '1';
if ( MODE = EXECUTE )then
case INST is
WHEN "0000" => null;
WHEN "0001" =>

MODE <= FETCH;

--NOP
--NOTE

LEN <= OP1l; VAL <= INTVAL( conv_integer( OP2 )); LD <= '0';

WHEN "0010" =>

LEN <= OP1; VAL <= 0; LD <= '0';

WHEN "1000" => null;
WHEN "1111" => null;
WHEN others => null;
end case;
end if;
end if;
end process;
end RTL;

--REST

Step

--LOOP
--HALT
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