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  VHDL

 

   
     :

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY shiftreg IS
GENERIC (n: INTEGER := 4);
-- # of stages
PORT (d, clk, rst: IN STD_LOGIC;
q: OUT STD_LOGIC);
END shiftreg;

ARCHITECTURE behavior OF shiftreg IS
SIGNAL internal:
STD_LOGIC_VECTOR (n-1 DOWNTO 0);
BEGIN
PROCESS (clk, rst)
BEGIN
IF (rst='1') THEN
internal <= (OTHERS => '0');
ELSIF (clk'EVENT AND clk='1') THEN
internal <=
d &internal(internal'LEFT DOWNTO 1);
END IF;
END PROCESS;
q <= internal(0);
END behavior;

  barrel shifter

     
    .  

      
(  8bit)   0   1  

 .     (shift=1), 
LSB      0 (  

     ). 
shift=0,  outp=inp,  shift=1,  outp(0)=0

 outp(i)=inp(i-1)  1 i 7.
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY barrel IS
GENERIC (n: INTEGER := 8);
PORT ( inp: IN
STD_LOGIC_VECTOR (n-1 DOWNTO 0);
shift: IN INTEGER RANGE 0 TO 1;
outp: OUT
STD_LOGIC_VECTOR (n-1 DOWNTO 0));

END barrel;

ARCHITECTURE RTL OF barrel IS
BEGIN
PROCESS (inp, shift)
BEGIN
IF (shift=0) THEN
outp <= inp;
ELSE
outp(0) <= '0';
FOR i IN 1 TO inp'HIGH LOOP
outp(i) <= inp(i-1);
END LOOP;
END IF;
END PROCESS;
END RTL;

 RAM   IF

     IF
     

 (RAM).    
-  (bus: data_in),  -
 (bus: data_out),  -

 (bus: addr),   (clk) 
-  (wr_ana),  

    :
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‘   wr_ena   1,   
   clk,    

o data_in      
   addr. To  data_out,

       
   addr.
    , 

   :

 wr_ena  0,  q  
  flip-flop   d  , 

      .  
wr_ena  1, to      

,     
 clk,   d      
.

     
 RAM:

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY ram IS
GENERIC ( bits: INTEGER := 8;
-- # of bits per word
words: INTEGER := 16);
-- # of words in the memory
PORT ( wr_ena, clk: IN STD_LOGIC;
addr: IN INTEGER RANGE 0 TO words-1;
data_in: IN STD_LOGIC_VECTOR (bits-1
DOWNTO 0);
data_out: OUT
STD_LOGIC_VECTOR (bits-1 DOWNTO 0));
END ram;

ARCHITECTURE ram OF ram IS
TYPE vector_array IS
ARRAY (0 TO words-1) OF
STD_LOGIC_VECTOR (bits-1 DOWNTO 0);
SIGNAL memory: vector_array;
BEGIN
PROCESS (clk, wr_ena)

BEGIN
IF (wr_ena='1') THEN
IF (clk'EVENT AND clk='1') THEN
memory(addr) <= data_in;
END IF;
END IF;
END PROCESS;
data_out <= memory(addr);
END ram;

    
  VARIABLE  SIGNAL

   
   :

   VARIABLE
 SIGNAL.        
   (dout)    (din)

  4   .
   

 VARIABLE (a, b, c).   
     

 (    ,  c, b, a).
     

 flip-flops     
    PROCESS.

-------- Solution 1:
ENTITY shift IS
PORT ( din, clk: IN BIT;
dout: OUT BIT);
END shift;

ARCHITECTURE shift OF shift IS
BEGIN
PROCESS (clk)
VARIABLE a, b, c: BIT;
BEGIN
IF (clk'EVENT AND clk='1') THEN
dout <= c;
c := b;
b := a;
a := din;
END IF;
END PROCESS;
END shift;

  ,  
  SIGNAL   

    .  
     

 (clk),  ,  ,
    .

-------- Solution 2:
ENTITY shift IS
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PORT ( din, clk: IN BIT;
dout: OUT BIT);
END shift;

ARCHITECTURE shift OF shift IS
SIGNAL a, b, c: BIT;
BEGIN
PROCESS (clk)
BEGIN
IF (clk'EVENT AND clk='1') THEN
a <= din;
b <= a;
c <= b;
dout <= c;
END IF;
END PROCESS;
END shift;

   
  ,     

    . ,
       
    

 (     
),     
  c  :=  din.     c    

     
  (dout <= c)   

clk.     
   ,   
   .

-------- Solution 3:
ENTITY shift IS
PORT ( din, clk: IN BIT;
dout: OUT BIT);
END shift;

ARCHITECTURE shift OF shift IS
BEGIN
PROCESS (clk)
VARIABLE a, b, c: BIT;
BEGIN
IF (clk'EVENT AND clk='1') THEN
a := din;
b := a;
c := b;
dout <= c;
END IF;
END PROCESS;
END shift;

   
  reset

   
 :

 bit  (q)    
  4    

    o  (d). To reset  
        flip-

flops  0.
  , 

SIGNAL     flip-flops,  
   VARIABLE.

       
    (   

     4 flip-
flops).

  1,   
       

 .
-- Solution 1:
-- With an internal SIGNAL
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY shiftreg IS
PORT ( d, clk, rst: IN STD_LOGIC;
q: OUT STD_LOGIC);
END shiftreg;

ARCHITECTURE behavior OF shiftreg IS
SIGNAL internal:
STD_LOGIC_VECTOR (3 DOWNTO 0);
BEGIN
PROCESS (clk, rst)
BEGIN
IF (rst='1') THEN
internal <= (OTHERS => '0');
ELSIF (clk'EVENT AND clk='1') THEN
internal <= d & internal(3 DOWNTO
1);
END IF;
END PROCESS;
q <= internal(0);
END behavior;

  2,    
     

,      
    (     

)      
.

-- Solution 2:
-- With an internal VARIABLE
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY shiftreg IS
PORT ( d, clk, rst: IN STD_LOGIC;
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q: OUT STD_LOGIC);
END shiftreg;

ARCHITECTURE behavior OF shiftreg IS
BEGIN
PROCESS (clk, rst)
VARIABLE internal:
STD_LOGIC_VECTOR (3 DOWNTO 0);
BEGIN
IF (rst='1') THEN
internal := (OTHERS => '0');
ELSIF (clk'EVENT AND clk='1') THEN
internal := d & internal(3 DOWNTO
1);
END IF;
q <= internal(0);
END PROCESS;
END behavior;

 4bit   
    

     
     :

     
:

Clear Load
1 X     

 ( )
0 0  
0 1     

  
   ,  

   :

    VHDL
    :

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

ENTITY reg IS
GENERIC (size: INTEGER := 3);

-- size of the register
PORT (
Clock, Clear, Load: IN STD_LOGIC;
D: IN
STD_LOGIC_VECTOR(size DOWNTO 0);
Q: OUT
STD_LOGIC_VECTOR(size DOWNTO 0));
END reg;

ARCHITECTURE Behavior OF reg IS
BEGIN
PROCESS(Clock, Clear)
BEGIN
IF Clear = '1' THEN
Q <= (OTHERS => '0');
ELSIF (Clock'EVENT AND Clock = '1')
THEN
IF Load = '1' THEN
Q <= D;
END IF;
END IF;
END PROCESS;
END Behavior;

 4bit - -
   

   
,    :

       :

     
:

Shift 
0  
1  bit    Serial_in   

 
    
   

  :
-- D flip-flop with enable
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

ENTITY D_flipflop IS
PORT(D, Clock, E : IN STD_LOGIC;
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Q : OUT STD_LOGIC);
END D_flipflop;

ARCHITECTURE Behavior OF D_flipflop
IS
BEGIN
PROCESS(Clock)
BEGIN
IF (Clock'EVENT AND Clock = '1')
THEN
IF (E = '1') THEN
Q <= D;
END IF;
END IF;
END PROCESS;
END Behavior;

-- 4-bit shift register
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

ENTITY ShiftReg IS
PORT(Serial_in, Clock, Shift : IN
STD_LOGIC;
Q : OUT
STD_LOGIC_VECTOR(3 downto 0));
END ShiftReg;

ARCHITECTURE Structural OF ShiftReg
IS
SIGNAL N0, N1, N2, N3 : STD_LOGIC;
COMPONENT D_flipflop
PORT (D, Clock, E : IN STD_LOGIC;
Q : OUT STD_LOGIC);
END COMPONENT;
BEGIN
U1: D_flipflop PORT MAP
(Serial_in, Clock, Shift, N3);
U2: D_flipflop PORT MAP
(N3, Clock, Shift, N2);
U3: D_flipflop PORT MAP
(N2, Clock, Shift, N1);
U4: D_flipflop PORT MAP
(N1, Clock, Shift, N0);
Q(3) <= N3;
Q(2) <= N2;
Q(1) <= N1;
Q(0) <= N0;
END Structural;

 - -   
- -  

    :

     
:

SHSel1 SHSel0 
0 0   (

  )
0 1   

 
1 0  
1 1  

      
 :

  VHDL    
  :

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

ENTITY shiftreg IS PORT (
Clock: IN STD_LOGIC;
SHSel: IN
STD_LOGIC_VECTOR(1 DOWNTO 0);
Serial_in: IN STD_LOGIC;
D: IN STD_LOGIC_VECTOR(3 DOWNTO 0);
Serial_out: OUT STD_LOGIC;
Q: OUT STD_LOGIC_VECTOR(3 DOWNTO
0));
END shiftreg;

ARCHITECTURE Behavioral OF shiftreg
IS
SIGNAL content:
STD_LOGIC_VECTOR(3 DOWNTO 0);
BEGIN
PROCESS(Clock)
BEGIN
IF (Clock'EVENT AND Clock='1') THEN
CASE SHSel IS
WHEN "01" =>
-- load
content <= D;
WHEN "10" =>
-- shift right, pad with bit from
Serial_in
content <= Serial_in & content(3
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DOWNTO 1);
WHEN OTHERS =>
NULL;
END CASE;
END IF;
END PROCESS;
Q <= content;
Serial_out <= content(0);
END Behavioral;


