Konstruktion av sekventiell logik

* Innehall
= Timing i synkrona system
= Synkrona processer 1 VHDL
= VHDL-kod som introducerar latchar och vippor
= [nitiering av minneselement
= Mealy- och Moore-maskiner i VHDL
= Byggblock: rdaknare, register, RAM/ROM
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Timing 1 synkrona system
¢ Generell modell for synkront system
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Synkrona processer 1 VHDL

¢ Synkrona processer
» Kallas dven for klockade processer
= Alla aktiveras samtidigt, pa t.ex positiv klockflank

= Signal- och variabeltilldelningar 1 processen
resulterar 1 D-vippor

utgangar

ingangar —

clock
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Exempel: positivt flanktriggad
D-vippai1 VHDL df

library ieee; d q
use ieee.std_|logic_1164. ALL

entity dff IS
port (d, clk : in std_logic;
q : out std_logic);
end dff;

architecture behavior of dff is clk
begin

process(clk
begin
if (clk event T clk

end process; clk’event |

end behavi or;

Laser in det nya vardet i vippan | clk’event and clk="1’

Behaller det gamla vardet |

Copyright Bengt Oelmann 2002 4




Fler exempel pa vippor

architecture datafl ow of pos_dff is
g <= d when (clk’event and clk="1") else q;

architecture datafl ow of neg_dff is
g <= d when (clk’event and clk="0") else q;

>
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Exempel pa D-latch

architecture dataflow of dlatch is
q <= d when (clk ='1") else q;
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Exempel: Kod som infor vippor
1 konstruktionen

Skriv en funktion som tar in ett 8-bitars tal i ett register om det ar stérre an 10.
Om det &r mindre an 10 ska registret innehalla 10.

entity load_ge_10 is

port (
clk : in std_l ogi c;
d tin std_l ogi c_vector (7 downto 0);
q : out std_|l ogi c_vector (7 downto 0));

end | oad_ge_10;

architecture rtl of load_ge 10 is
begin
process (clk)
begin
if (clk'event and clk = '1") then
if d > 10 then
q <= d;
el se
q <= conv_std_| ogi c_vector(10,8);
end if;
end if;
end process;
end rtl;

Signal- och variabeltilldelningar leder till
inférande av register
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Initiering av vippor

¢ Initiering av vippor behovs efter systemstart
* Tva typer av initiering

= Synkron reset/preset

= Asynkron reset/preset

¢ Exempel: synkron reset

if (clk’event and clk = "1") then —b Qr—
if reset ='1 then q <='0";

else q <= d;

end if; __| reset

end if; A
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forts. 1nitiering av vippor

¢ Exempel: Asynkron reset

process (clk, reset)

begi n ~ 1D Ql
if reset =1 then q <='0";
elsif (clk’event and clk ='1") then q <= d;
end if; — | reset

end process; /|\

+ Exempel: Asynkron preset

process (clk, preset)

begi n —|D Ql
if preset =1 then q <="'1";
elsif (clk’event and clk ='1") then gq <= d;
end if; ___| preset

end process; /|\
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Konstruktion av tillstandsmaskiner

¢ Syntesprocedur for manuell syntes:

| Ta fram tillstandsgraf for det givna problemet |

| Ta fram tillstandstabell |

-

| Gér tillstandskodning |

-

| Ta fram transitionsgraf |

-

| Vil vippa (D-, T-, JK- ... vippa) |

-

| Ta fram excitationsgraf |

-

Ta fram och minimera logiska funktioner for
Aoch &

-

Ta fram grindnét
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Konstruktion av tillstandsmaskiner

* Syntesprocedur for automatisk syntes

| Ta fram tillstandsgraf for det givna problemet |

Skriv VHDL-kod som motsvarar
tillstandsgrafen

X

Lat syntesverktyget gora tillstandskodning
och syntes till grindnat
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Exempel pa tillstandsmaskin 1 VHDL

architecture rtl of fsmsinple is
type state_type is (start, ril, r2);
signal state : state_type;

begin -- rtl
update_state : process (clk, reset)
begin -- process fsm
if reset ='0' then
state <= start;
elsif clk'event and clk = '1'

case state is

when start =>if A="'0" then state <>gtart; else state <=r1; end if;
when rl =>if A="0" then \ el se state <=y2; end if;
when r2 =>if A="'0" then ehse tart; end if;
end case;
end if;

end process update_state;

output _l ogic : process(state)
begin
case state is
when start => z <= '0";
when rl1 =>z <= '1";
when r2 =>z <= '0";
end case;
end process output_| ogic;
end rtl;

A=0

Copyright Bengt Oelmann 2002 12




Mealy typ 1 VHDL

aln=0/yOut=0

architecture nealy of fsn2 is
type state is (S1, S2, S3, $4);
signal present_state, next_state: state;
begin
process (aln, present_state) begin
CASE present_state IS
when s1 => if (aln ="'1")
then yQut <= '0'; next_state <= s4,
el se yQut <= '1'; next_state <= s3;
end if;
when s2 => yQut <= '1'; next_state <= s3;
when s3 => yQut <= '1'; next_state <= sli;
when s4 => if (aln ='1")

then yQut <= '1'; next_state <= s2;
else yQut <= '0'; next_state <= s1; ygut
S 'y ; Xt _ 0 aln »
end if;
end case;

end process:
process begin

wail until clk ='1";
present _state <= next_state; % Q
end process;

end nealy;
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Moore typ 1 VHDL

library ieee; use ieee.std_|logic_1164.all;
entity fsml is

port (aln, clk: in std_logic; yQut: out std_|ogic);
end fsmil;

architecture noore of fsnl is
type state is (sl1, s2, s3, s4);
signal present_state, next_state: state;
begi n
process (aln, present_state) begin
case present_state is
when sl => yQut <= '0';
if (aln ="1") then next_state <= sl
el se next_state <= s2;
when s2 => yQut <= '0'; next_state <= s3;
when s3 => yQut <= '1'; next_state <= s4;
when s4 => yQut <= '1'; next_state <= sl;
end case;
end process;
process begin
wait until clk ="'1";
present _state <= next_state;
end process;
end noore;

aln=1 aln=0
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Raknare 1 VHDL

¢ Modulo-8 raknare

library ieee;
use ieee.std_logic_1164. ALL;
use work. nuneric_std. ALL;

entity nmodulo8 IS
PORT(cl k: in std_logic;
cnt: buffer unsigned (7 downto 0));
END count 8;

architecture rtl of count8 is
begi n
process (clk)
begi n
if rising_edge(clk) then cnt <= cnt +1;
end if
end process;
end rtl;
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Skiftregister 1 VHDL

entity shift_r is

port (
clk, resetn, d_in, shift_en : in std_|logic;
shift_out : out std_|logic_vector(3 downto 0)); —ldin shift out
end shift_r; - -
___| shift_en
architecture rtl of shift_r is
signal shift_reg: std_|logic_vector(3 downto 0); — resetn
begi n /\
process (clk, resetn) |
begi n
if resetn = '0" then
shift_reg <= (others=>'0");
elsif clk'event and clk = "1' then
if shift_en="1" then
shift_reg(3 downto 1) <= shift_reg(2 downto 0);
-- shift_reg <= shl(shift_reg, "1");
-- shift_reg <= shift_reg sll 1;
shift_reg(0) <= d_in;
end if;

f3
end process;

shift_out <= shift_reg;
end rtl;
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Alternativa skrivsatt




Minnen 1 VHDL

* Ett RAM eller ROM kan skapas pa tva satt
= Man anvénder en array med konstanter

= Man instansierar en fardig minnesmodul
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Exempel pa 4x8 ROM 1 VHDL

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_| ogic_unsigned.all;

entity ROMis

port (
address : in std_logic_vector(1l downto 0);
dout : out std_logic_vector(7 downto 0));

end ROM

architecture rtl of ROMis

type romtable is array (0 to 3) of std_logic_vector(7 downto 0);

constant romcontents : romtable := romtable' ("00101111",
"11010000",
"01101010",
"11101101");
begin -- rtl
dout <= rom.contents(conv_integer(address));
end rtl;
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Exempel #1: RAM 1 VHDL

architecture rtl of rnodul is

CO”DOtne?f RAVA_8 / Definiera fardig RAM
por A S
din: in std_logic_vector(7 downto 0), module frén ett bibliotek
address0O, addressl, we : in std_logic;
dout : out std_logic_vector(7 downto 0);

end conponent;

begin -- rtl
raml:
RAMA_8 port map (
din = d, RAM4 8
address0 => a0, din .
addressl => al, i gt
we => we, a0
dout = q) address0
end rtl; al— address1
we_ | e
AN
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Exempel #2: RAM 1 VHDL

library ieee;
use ieee.std_|logic_1164.all;
use ieee.std_|l ogic_unsigned. all;

entity ranB2_16 is

port (
addr :in std_logic_vector(4 downto 0);
clk, we_n : in std_|logic;
din :in std_logic_vector(15 downto 0);
dout : out std_logic_vector(15 downto 0));
end ranB2_16;

architecture rtl of ranB2_16 is Definiera en
minnesmatris
type ramtype is array (31 downto 0)

of std_|l ogic_vector(15 downto 0);
signal ramarray : ramtype;

RAM32_16
begin
process(cl k)
begi n R
if clk'event and clk="1' then din dout
if we_n="0" then —1 addr
ram array(conv_i nteger(addr)) <= din;
end if;
end if; — we_n
end process; A

dout <= ram array(conv_integer(addr)); |
end rtl;
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SLUT pa Forelasning 5

¢ Innehall
= Timing i synkrona system
= Synkrona processer 1 VHDL
= VHDL-kod som introducerar latchar och vippor
= [nitiering av minneselement
= Mealy- och Moore-maskiner i VHDL
= Byggblock: rdknare, register, RAM/ROM
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