JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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Keanighikauiiina poooma

MoaenioBaHHA LU POBUX
NPUCTPOIB 3 BUKOPUCTAHHAM
moBu VHDL

Bukonas: KepiBHUK:
crygeHntT rp. KIVKI-21-1 cT. BUKI. [[saenko B.O.
[ITammoBanos /[.A.

Meta po0oTH Ta 3aBIaHHS

Memorw pobomu € KOMIUIEKCHUI aHAi3 MEeTOJ0JNOTii MOJIeIOBaHHS
CKIAJHHX ITH(GPOBHUX IPUCTPOIB 13 BHKOPHCTaHHSIM MOBH OIIUCY
amapatypu VHDL, a Takok IpakTH4Ha peajizaiis Ta CHMYJISIS
BHOpaHUX HMH(PPOBUX CXEM.

3aeoannsn:

- TOpIBHSUIBHUI aHaJI3 ICHYIOUHX MOjIelIel OINCY eJIeMEHTIB IIaM’sTi
3 BUKOpUCTaHHAM MoBu VHDL;

- aHali3 ICHYIOUHX AaJTOpPHUTMIB MOJIEIIOBAaHHS €JIeMEeHTIB 3
BUKopucTtanHsM VHDL;

- nobyzoBa VHDL-Mozeneit mam’sti y cepemoBui Active-HDL.
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bararokoHTpoOJbLHUN KOHTPOJIEP naM’aTi

DDR SDRAM
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BucHoBKkH 13

V mpomeci peamnizamnii Oyi0 po3pobieHO MOIETi TPhOX MHPPOBHUX IPHCTPOIB: MH(POBOTO
JaCTOTHOTO  CHHTEe3aTopa,  KOHBEEPHOTO  apH(MeTHKO-JIOTIJHOTO  HPHCTPOId  Ta
bararokananpHOro KoHTpostepa DDR SDRAM. /g KOKHOTO 3 HHX MMOOYIOBaHO IOBHOITIHHY
CTPYKTYPHY apXIiTEKTypy, BH3HAU€HO CHUTHAJIbHI IHTepQelicH, BHYTPINIHIO JIOTIKY, peali30BaHO
aBTOMAT KepyBaHHSA Ta 3a0e3IeUeHo MOBHY MIATPUMKY CHMYJIAMii. 3actocyBanHsd MoBu VHDL
JIO3BOMILIO 3a0e3MeYnTH AK ITOBEIIHKOBHII, TaK 1 CTPYKTYPHHII OIHC MoOjeleil, II0 CIIPHSIO
BHCOKIiI TOYHOCTI BigoOpakeHHS (PYHKIIIOHYBAaHHS IPHCTPOIB Ta MOMKIHBOCTI IOJAIBIIOTO
cunaTesy 1na FPGA.

Vci  peamizoBami Mozeni Oynmm  mpoTecToBaHi B cepemoBmumii  Active-HDL  Ta
IIPOJAEMOHCTPYBAIH OYIKYBaHY TMOBeAiHKY. OTpHMaHiI dYacoBl JiarpaMH  IIATBEPIHIIH
IIPaBIJIBHICTE JIOTIKH, BIIMIOBIIHICTh CHTHAJIB IHTEpGENCHUM BHMOTaM, a TAKOK CTAaOLTBHICTh
poGoTH Mojelell y MeXKaxX IIPOEKTHHX OOMeXeHb. 30KpeMma, MojemoBaHHI DDS
IIPONEMOHCTPYBaJIO TeHepallio IeploANYHOrO CHTHAaTy 13 dYacTOTOK, IO JHHAMIYHO
3MIHIOETBCS; KoHBeepHHii ALU ycmimHo peanizyBaB 0OpoOKy JIOTIYHHX 1 apH(QMETHUHHX
omepariii 3 MIHIMaIbHOIO 3aTpuMKoio; a kKoHTporep DDR SDRAM [0BIB 31aTHICTB 10
VIpaBIIHHSA CKIAQJHOK IOCITIIOBHICTIO KOMaHZ, apOITpaxky JOCTYIy Ta IIATPUMKH
napaieaIsHOI poOOTH KUTFKOX KaHAJIB.
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JIOJIATOK B

[Iporpamuuit Koz

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.NUMERIC STD.ALL;

entity DDS is
Port (
clk : in STD LOGIC;
reset : in STD LOGIC;
freq word: in STD LOGIC VECTOR(31 downto 0);
sine out : out STD LOGIC VECTOR(7 downto 0)
)
end DDS;

architecture Behavioral of DDS is

signal phase acc : STD LOGIC VECTOR(31 downto 0)
(others => '0");

type sine lut type is array (0 to 255) of STD LOGIC VECTOR (7
downto 0);

constant sine lut : sine lut type := (
-— Ipukjazn: 3aIoOBHEHO JMile IIeplll 3HAUeHHS, pemTa — HYyJI1
0 => "10000000", 1 => "10011001"™, 2 => "10110001", --

others => "00000000"
) ;

signal addr : integer range 0 to 255;
begin
process (clk, reset)
begin
if reset = '1l' then
phase acc <= (others => '0'");
elsif rising edge(clk) then
phase acc <= std logic vector (unsigned (phase acc) +
unsigned (freq word)) ;
end if;
end process;

addr <= to_integer (unsigned (phase acc (31 downto 24)));
sine out <= sine lut (addr);

end Behavioral;

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.NUMERIC_STD.ALL;

entity DDS 1is
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Port (
clk : in STD LOGIC;
reset : in  STD LOGIC;
freqg word : in STD LOGIC VECTOR (31 downto 0);
sine out : out STD LOGIC VECTOR (7 downto 0)
)i
end DDS;

architecture Behavioral of DDS 1is

signal phase acc : STD LOGIC VECTOR(31 downto 0) := (others
=> '0");
signal address : integer range 0 to 255;

type sine table type is array (0 to 255) of
STD LOGIC VECTOR(7 downto 0);

constant sine table : sine table type := (
0 => "10000000", 1 => "10011001", 2 => "10110001", 3 =>
"11001001",
4 => "11100001", 5 => "11111000", €6 => "000OO1111", 7 =>
"00100101",

8 => "00111010", 9 => "01001110", 10 => "O01100001", 11
=> "(Ql110011",
12 => "10000000", -- pemTa 3HaYeHb — 1iMIiTaniMHO
others => "00000000"
)

begin
process (clk, reset)
begin
if reset = 'l' then
phase acc <= (others => '0'");

elsif rising edge(clk) then
phase acc <= std logic vector (unsigned(phase acc) +
unsigned (freq word)) ;
end if;
end process;

address <= to_integer (unsigned (phase acc (31 downto 24)));
sine out <= sine table (address);

end Behavioral;

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.NUMERIC STD.ALL;

entity PipelinedALU 1is

Port (
clk : in STD LOGIC;
reset : in STD LOGIC;
a : in STD LOGIC VECTOR(7 downto 0);
b : in STD LOGIC VECTOR (7 downto 0);
opcode : in STD LOGIC VECTOR (2 downto 0); -- 3-0OiToBui

Konm ornepaniil
result : out STD LOGIC VECTOR(7 downto 0)
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) ;
end PipelinedALU;

architecture Behavioral of PipelinedALU is
—-— TpomixHi pericTpm Mix cTanisaumm

signal reg al, reg bl : STD LOGIC VECTOR(7 downto 0);

signal reg opcodel : STD LOGIC VECTOR(2 downto 0);

signal reg result2 : STD LOGIC VECTOR(7 downto 0);
begin

-- Cranmis 1: 3B0epexeHHS BXI1ODHMX HOAHUX
process (clk, reset)

begin
if reset = '1l' then
reg al <= (others => '0");
reg bl <= (others => '0");

reg opcodel <= (others => '0"');
elsif rising edge(clk) then

reg al <= a;

reg bl <= b;

reg opcodel <= opcode;
end if;

end process;

-- Cranmis 2: BuMKOHAHHSA olepalniil
process (clk, reset)
begin
if reset = '1l' then
reg result2 <= (others => '0");
elsif rising edge(clk) then
case reg opcodel 1is
when "000" => reg result2 <=
std logic vector (unsigned(reg al) + unsigned(reg bl)); --
nOmaBaHHS
when "001" => reg result2 <=

std logic vector (unsigned(reg al) - unsigned(reg bl)); --
BimHiMaHHA

when "010" => reg result2 <= reg al and reg bl;
—-— AND

when "011" => reg result2 <= reg al or reg bl;
-- OR

when "100" => reg result2 <= reg al xor reg bl;
-— XOR

when "101" => reg result2 <=
std logic vector(shift left (unsigned(reg al), 1)); -- 3CyB BJIiBO

when "110" => reg result2 <=
std logic vector(shift right (unsigned(reg al), 1)); -- 3cysB
BIIPAaBO

when others => reg result2 <= (others => '0");

end case;

end if;
end process;



-—- Cranmisa 3: BuBigm pesynbTaTy
process (clk, reset)
begin
if reset = '1l' then
result <= (others => '0");
elsif rising edge(clk) then
result <= reg result2;
end if;
end process;

end Behavioral;

library IEEE;

use IEEE.STD LOGIC 1164.ALL;
use IEEE.NUMERIC STD.ALL;

entity DDR Controller is

Port (

clk : in STD LOGIC;

reset : in STD LOGIC;

cmd ready : out STD LOGIC;

ddr cmd : out STD LOGIC VECTOR (2 downto 0); --
RAS/CAS/WE

addr : out STD LOGIC VECTOR(15 downto O0);

bank : out STD LOGIC VECTOR (2 downto 0)

) ;
end DDR Controller;

architecture Behavioral of DDR Controller is
type state type is (RESET, INIT, IDLE, ACTIVE, READ,
PRECHARGE, REFRESH) ;

signal state, next state : state type;
signal init counter : integer range 0 to 255 := 0;
begin

—-— MammHa CTaHiB
process (clk, reset)
begin
if reset = '1l' then
state <= RESET;
elsif rising edge(clk) then
state <= next state;
end if;
end process;

process (state, init counter)
begin
case state is
when RESET =>

cmd ready <= '0';
ddr cmd <= "111",; -- NOP
addr <= (others => '0");
bank <= "Q00";



next state <= INIT;

when INIT =>
if init counter < 100 then
init counter <= init counter + 1;

ddr cmd <= "111"; -- NOP
next state <= INIT;

else
next state <= IDLE;

end 1if;

when IDLE =>
cmd ready <= '1';

ddr cmd <= "000"; -- ACTIVE
addr <= "0000000000001000";
bank <= "001";

next state <= READ;

when READ =>
cmd ready <= '1';

ddr cmd <= "101"; -- CAS = read
addr <= "0000000000000100";
bank <= "001";

next state <= PRECHARGE;

when PRECHARGE =>

ddr_ cmd <= "Q010"; —-- PRE
addr <= "0000000000010000";
bank <= "Q001";

next state <= REFRESH;

when REFRESH =>

ddr cmd <= "001",; -- REFRESH
addr <= (others => '0");
bank <= "000";

next state <= IDLE;

when others =>
next state <= RESET;
end case;
end process;

end Behavioral;
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity Arbiter2ch is

Port (
clk : in STD LOGIC;
reset : in STD LOGIC;
req O : in STD LOGIC;
req 1 : in  STD LOGIC;

grant O : out STD LOGIC;



grant 1 : out STD LOGIC
) ;
end Arbiter2ch;

architecture Behavioral of Arbiter2ch is

signal turn : STD LOGIC := '0';
begin
process (clk, reset)
begin
if reset = '1l' then

turn <= '0';
elsif rising edge(clk) then
if turn = '0' and req 0 = '1'
grant 0 <= '1"';
grant 1 <= '0"';
turn <= '1"';
elsif turn = '1l' and reqg 1 =
grant 0 <= '0"';
grant 1 <= '1";
turn <= '0';
else
grant 0 <= '0"';
grant 1 <= '0"';
end if;
end 1if;
end process;
end Behavioral;

then

lll

then
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