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DFF ue enable

library icee,;
use ieee.std_leogic_1164. all;
entity d_ff_en is

port (
. clk, reset: in std_logic;
en: in std_logic;

d: im std_legic;
g: out std_logic
HH
vend d_ff_en;

architecture arch of d_ff_en 15
hegin
process {clk ,reset )
5 begin
if (reset='1'} then
q ,;.:J.::,r:
elsif (clk’event and clk='1') then
if Cen='17") then
|| q <= d;
end if;
end if;
end process;
end arch;
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DFF pe enable (mux — dff)

d 1 T)g_nexi
0 d 9
q_reg
begin an [ iﬁﬁ
— D FF clk J
4 process (clk,resat) rgset

begin
if {(reset="1'} then
r_reg <='0Q"';
elsif (clk’'event and clk='1'} then
i r_.reg <= r_next,;
end if:
end process;
—= Hext—state logic
r_next <= d when en =°"1" else
15 T_Taeg;
—— outpul logic
q <= r_reg,;
end two_seg_arch;
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Register

library ieees;
use ieee.std_leogic_1164. all;
entity reg_reset is
port(
5 c¢lk, reset: In std_logic;
d: in std_legic_vector (7 downto 0);
g: out std_legic_vector (7 downto 0O}
1

end reg_reset;

architecture arch of reg_reset is
begin
process (clk,reset)
hegin
if (reset='1") then
q <={others=>'0"};
elsifi (clk?event and clk='1’) themn
q <= d;
end if:
0 end process;
end arch;
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Shift Register

library ieee;
use ieee.std_logic_1164.all;
entity free_run_shift_reg is
generic (N: integer := &);
s port(
clk, reset: in std_logic;
s_in: in std_logic;
s_out: out std_logic
1
wend free_run_shift_reg;

architecture arch of free_run_shift_reg I8
signal r_reg: etd_logic_vector(N-1 downto 0} ;
signmal r_next: std_logic_vector(N-1 downto 0);
= begin
—— FEgIStET
process (clk ,reset)
hegin
if (reset='1") then
0 r_reg <= (others=>'0");
elsif (clk’event and clk="1') then
r_reg €= r_next;

end if;
énd Pprocess;
15 —— next—state logic (shift right 1 bit)
r_next <= s_in & r_regi(lN-1 downto 1);
— outpul

s_out <= r_regll);
end arch;




Metpntnc BCD

230.0ns 500.0ns 750 Ons 1.Dus

- clk 0L g 0 0 L L L
- rst 1
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5

2 LIBRARY ieee:

3 USE ieee.std logic_1164.all;

e

5 ENTITY counter IS

6 PORT ( clk, rst: IN STD LOGIC;

7 count: OUT STD LOGIC VECTOR (3 DOWNTO 0));

8 END counter;

0

8

Eiocaywyn orn VHDL



MeTtpntnc BCD (architecture)

10 ARCHITECTURE state machine OF counter IS 34 WHEN two =>
11 TYPE state I5 (zero, one, two, three, four, 35 count <= "0010";
12 five, six, seven, eight, nine); 36 nx state <= three;
13 SIGNAL pr_state, nx state: state; 37 WHEN three =>
14 BEGIN iB count <= "0011";
15 e mm— Lower section: —————c——cmmmmmmeaaa 39 nx state <= four;
16 PROCESS (rst, clk) 40 WHEN four =>
17 BEGIN 41 count <= "0100";
a2 nx state <= five;
18 IF (rst='1') THEN —
43 WHEH five =>
19 pr state <= zero;
- 44 count <= "0101";
20 ELSIF (clk'EVENT AND clk='1l') THEN .
45 nx state <= six;
21 pr_state <= nx state; 46 WHEN six =>
22 END IF; 47 count <= "0110";
23 END PROCESS; 48 nx state <= seven;
24 mmmmmmmmmeee- Upper section: —-——————————————-- 49 WHEN seven =>
25 PROCESS (pr_state) 50 count <= "0111";
26 BEGIN 51 nx state <= eight;
27 CASE pr_state IS 52 WHEW eight ==>
28 WHEN zero => 53 count <= "1000";
29 count <= "0000"; 54 nx state <= nine;
30 nx_state <= one; 55 WHEN nine =>
31 WHEN one => 36 count <= "1001";
39 count <= "0001": 57 nx state <= zero;
33 nx state <= two; 4 END CASE;
- 59 END PROCESS;
60 END state machine;
fl mmmm e e e e e e
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ATTAN FSM

rst
clk  rst
L e e e e e e e e e e e e
2 ENTITY simple fsm IS
3 PORT ( a, b, d, clk, rst: IN BIT;
4 ¥x: OUT BIT);
5 END simple fsm;

(=41

Eiocaywyn orn VHDL

10



ATTAN FSM (architecture)

7 ARCHITECTURE simple fsm OF simple fsm IS 125,0ns 250.0ns 376, Dns S00.0ns E25,ns 750L
8 TYPE state IS (stateh, stateB); concigud . e T Ea T EET
el I [
9 SIGHAL pr state, nx state: state; o a r——————1 r——q r———
10 BEGIN s o [ [ ]
1 Lower section: —-—-——————————————- m=—b o e
12 PROCESS (rst, clk) st | A ! I L
—a» 0 B ML ]
13 BEGIN
14 IF (rst="1') THENW
15 pr state <= statel;
- Logic gates Logic gates Flip-flops
16 ELSIF (clk'EVENT AND clk='1'} THEN _ I gAles _ Bl gates e
Nput s @ e OUTPUE INpUt e ﬁ\}; = = CULPUIL
17 pr_state <= nx state; =
18 END IF; T l t l
19 END PROCESS; - -
90 e Upper Section: - —————-———mmeeeo Flip-flops Flip-flops
21 PROCESS (a, b, d, pr state)
22 BEGIN
23 CASE pr state IS5
24 WHEN stateh => (a) {b)
25 X <= a;
26 IF (d='1') THEN nx_state <= stateB;
27 ELSE nx state <= statel;
28 END IF:
29 WHEN stateBR =>
30 X <= b;
31 IF (d="1") THEN nx state <= stated;
32 ELSE nx state <= stateB;
33 END IF;
34 END CASE;
35 EHND PROCESS;

« 36 END simple fsm;
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library IEEE;
use IEEE.std_logic_1164.all;

I cntity fsm s
port ( clk, reset, x1 : IN std_logic;
outp : OUT std_logic);
end entity;
architecture behl of fsm is
type state_type is (s1,s2,53,54);
signal state: state_type ;
begin
process (clk,reset)
begin
if (reset ='1") then
state <=s1, outp<='1",
elsif (clk="1" and clk'event) then
case state is
when s1 => if x1="1' then state <= s2;
else state <= s3;
end if;
outp <="14
when s2 => state <= s4; outp <="1";
when s3 => state <= s4; outp <="'0";
when s4 => state <= s1; outp <="'0";
end case;
end if;
end process;
end beh1;
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FSM with 2 processes
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library IEEE;
use IEEE.std logic 1164 .all;

entity fsm i1s
port ( clk, reset, x1 : IN std logic;
outp : OUT std logic);
end entity;
architecture behl of fsm is
type state type 1s (sl1,s2,s3,s4);
signal state: state type ;
begin
processl: process (clk,reset)
begin
IT (reset ="1") then state <=sl;
elsit (clk="1" and clk"Event) then
case state 1s
when s1 => 1f x1="1" then state <= s2;
else state <= s3;
end 1T;
when s2 => state <= s4;
when s3 => state <= s4;
when s4 => state <= sl;
end case;
end 1T;
end process processl;

process2 : process (state)

begin
case state 1s
when sl => outp
when s2 => outp
when s3 => outp
when s4 => outp
end case;
end process process?2;
end behl;
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FSM with 3 processes
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library IEEE;
use IEEE.std logic 1164.all;

process2 :
begin

case state 1s

process (state, x1)

entity fsm is when s1 => if x1="1" then
port ( clk, reset, x1 : IN std _logic; next_state <= s2;
outp : OUT std _logic); else
end entity; next_state <= s3;
architecture behl of fsm is end 1fT;
type state type i1s (sl,s2,s3,s4); when s2 => next_state <= s4;
signal state, next_state: state type ; when s3 => next_state <= s4;
begin when s4 => next_state <= sl;
processl: process (clk,reset) end case;
begin end process process?2;
iIT (reset ="1") then
state <=s1: process3 : process (state)
elsif (clk="1" and clk"Event) then S |
state <= next_state; case state Is
el T when s1 => outp <="1";
end process processl; when s2 => outp <= "1’
when s3 => outp <="'0";
when s4 => outp <="'0";
end case,
end process process3;
end behl;
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library ieee;
use ieee.std _logic_1164.all;

entity Ifsr is
port (

cout :outstd_logic_vector (7 downto 0);-- Output of the counter
enable :in std_logic; -- Enable counting
clk :in std_logic; -- Input rlock
reset :in std_logic );

end entity;

architecture rtl of Ifsris
signal count :std_logic_vector (7 downto 0);
signal linear_feedback :std_logic;

begin

linear_feedback <= not(count(7) xor count(3));

process (clk, reset) begin
if (reset ='1") then
count <= (others=>'0";
elsif (rising_edge(clk)) then
if (enable ='1") then
count <= (count(6) & count(5) & count(4) & count(3) & count(2) & count(1) & count(0) & linear_feedback);
end if;
end if;
end process;
cout <= count;
end architecture;



	VHDL ακολουθιακή λογική
	Λογική με στοιχεία μνήμης
	Λογική ενός ασύγχρονου συστήματος
	DFF με enable
	DFF με enable (mux – dff)
	Register
	Shift Register
	Μετρητής BCD
	Μετρητής BCD (architecture)
	Απλή FSM
	Απλή FSM (architecture)
	FSM Παραδείγματα
	Slide Number 13
	FSM with 2 processes
	Slide Number 15
	FSM with 3 processes
	Slide Number 17
	Slide Number 18

