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 1a.     
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NOT NOT(x)
= x’

BUFFER BUFFER(x) = x
NAND NAND(x,y) = (x y)’
NOR NOR(x,y)

= (x + y)’
EXCLU-SIVE-OR
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EXCLU-SIVE OR

(XNOR)

XNOR(x,y) = xy + x’y’ =
(x y)’
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(XNOR)
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 – )
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.
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TTL
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74LVX00 Low – Voltage CMOS
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OR(A,B) = A + B

XOR(A,B) = A’B + AB’
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   Add New. d) 

 .

11. 
1.     

   
     

      .

 15.
2.    

  
   .

3.

TTL

T
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NOT SN7404
NOT(A)
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AND
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NOT
4.     
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TTL
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 23.    
.

    
      

   .

A B C Z
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

6. (a)      
. (b)    

       Z. (c)
     .

(d)     IC    
  ;

 24.   5.
.

    
      

  .

 25.    
 .

 :
Z = AC + A’B’(A’+C’) = AC + A’B’A’ + A’B’C’

 xy = yx  xx=x   A’B’A’ =
A’A’B’ = ’ ’, :
Z = AC + A’B’ + A’B’C’ = AC + A’B’(1+C’)

 1+x=1  1x=x :
Z  =  AC  +  A’B’(1+C’)  =  AC  +  A’B’1  =  AC  +
A’B’

:
Z = AC + A’B’(A’+C’) = AC + A’B’

     , 
    (  26).

 26.  
.

,    
   ,  

   .  
     

       
, , C     

.
  

    
     . 

    
      
      2  .  

= 2        
 .    
 ’, ’, C’, C, A’B’, A’+C’, A’B’(A’+C’)

      .
      

     . . . 
AC         C  
1        C  1.

(1) (2) (3) (4) (5) (6) (7) (8) (9)
C A’ B’ C’ AC A’B’ A’+C’

0 0 0 1 1 1 0 1 1
0 0 1 1 1 0 0 1 1
0 1 0 1 0 1 0 0 1
0 1 1 1 0 0 0 0 1
1 0 0 0 1 1 0 0 1
1 0 1 0 1 0 1 0 0
1 1 0 0 0 1 0 0 1
1 1 1 0 0 0 1 0 0

(10)=(8)(9) (11)=(7)+(10) (12)=(7)+(8)
A’B’(A’+C’) Z Z2

1 1 1
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0
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0
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'
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'
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L
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0 0 0
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0 1 1
0 0 0
0 1 1

 27.    
 .

 28.   .

    
    

  29.  
,   AND    OR.

 29.   .

7. (a)      
. (b)    

       Z. (c)
     .

(d)     IC    
  ; ( )

   PENCIL BOX.

 30.    6.

.
    

(  31).

 31.   
 .
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0 0 0 0
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 34.   
 .    

     .

 35.  .

     
2.

VHDL    

 VHDL    .  
      

      
    

   .  VHDL
     

   
    

     
CPLD/FPGA    

      
ASIC (Application Specific Integrated Circuit).

     VHDL
   , 

      
,    36.

     
     

      
   . H

     
 37.

 36.    VHDL.

 37.    
VHDL.

 std   
    (BIT,

BOOLEAN, INTEGER, BIT_VECTOR . . .)
       

 .
H work   

    .
     

      
std_logic_1164   ieee,  

   STD_LOGIC.  
 STD_LOGIC  BIT

      (‘ ’) 
     

(‘-’).
      (

 )    ,
        

   use,   
     ,

  .
LIBRARY ieee;
USE ieee.std_logic_1164.all;

A
B

C

A'
B'

C
'

A '

C'

A'

B'

A

B

A'

B

C'

1
2
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4

U21
U1

U2
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A:
1
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Z
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L
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122.    

      
    /

 .    
(Generic) ,    

    .
     .

ENTITY entity_name IS
GENERIC
(constant_name: constant_type := constant_value;
...);
PORT
(port_name: signal_mode signal_type;
...);
[declarative part]
[BEGIN]
statement part]
END entity_name;

 GENERIC   
  ,    

    .
:

GENERIC (number_of_bits : INTEGER : = 16);
PORT, signal mode: IN, OUT, INOUT,

BUFFER.       
,       

      
  .

PORT,  signal  type:  BIT,
BIT_VECTOR, INTEGER, STD_LOGIC,
STD_LOGIC_ VECTOR,  BOOLEAN, . . .

Declarative part:   
 TYPE, SUBTYPE, CONSTANT,

SIGNAL, FILE, ALIAS, USE 
ATTRIBUTE,     FUNCTION

PROCEDURE.   
  .

Statement part:   
  (  ).

    
 (    )

     
.     

.   
     

    
     
   .

    .
ARCHITECTURE architecture_name OF entity_name IS
     [declarative part]
BEGIN
      (code)
END architecture_name;

Declarative part:    
       ,

  COMPONENT 
CONFIGURATION.

Code:   ,
  .    

       
PROCESS.     VHDL

    
     

‘’ ’’,   .
,   (PROCESS)

    
     .  

     
 VHDL   

(FUNCTION PROCEDURE).
    

,   
   WHEN 

GENERATE.    
 (   PROCESS, FUNCTION 

PROCEDURE)    
IF, CASE, LOOP WAIT (  

).
      
   .  

,      
    . 

   Sonata   SimiliEDA.
      VHDL

     
(testbench).    VHDL 

        
   .
   ,  

      .
,    ,  testbench

,       
     

.

 

--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION:
--name, inputs, outputs
entity notGate is
   port( inPort  : in std_logic;
         outPort : out std_logic);
end notGate;

inPort outPort
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--FUNCTIONAL DESCRIPTION:
--how the Inverter works
architecture func of notGate is
begin
   outPort <= not inPort;
end func;

Test Bench:
--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION:
--no inputs, no outputs
entity notGate_tb is
end notGate_tb;

-- Describe how to test the inverter
architecture tb of notGate_tb is
   --pass notGate entity to the
   --testbench as component
   component notGate is
      port( inPort  : in std_logic;
           outPort  : out std_logic);
   end component;

   signal  goIn, goOut : std_logic;
begin
   --map the testbench signals
   --to the ports of the notGate
   mapping: notGate port map( goIn,
goOut);

   process
      --variable to track errors
      variable errCnt : integer := 0;
   begin
      --TEST 1
      goIn <= '0';
      wait for 15 ns;
      assert(goOut = '1') report
"Error 1" severity error;
      if(goOut /= '1') then
         errCnt := errCnt + 1;
      end if;

      --TEST 2
      goIn <= '1';
      wait for 15 ns;
      assert(goOut = '0') report
"Error 2" severity error;
      if(goOut /= '0') then
         errCnt := errCnt + 1;
      end if;

      -------------- SUMMARY -----------
      if(errCnt = 0) then
         assert false report "Good!"
severity note;
      else
         assert true report "Error!"
severity error;
      end if;

   end process;

end tb;
---------------------------------------
configuration cfg_tb of notGate_tb is
   for tb
   end for;
end cfg_tb;

 AND

--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION:
--name, inputs, outputs
entity andGate is
   port( A, B : in std_logic;
            F : out std_logic);
end andGate;

--FUNCTIONAL DESCRIPTION:
--how the AND Gate works
architecture func of andGate is
begin
  F <= A and B;
end func;

Test Bench:
--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION:
--no inputs, no outputs
entity andGate_tb is
end andGate_tb;

-- Describe how to test the AND Gate
architecture tb of andGate_tb is
   --pass andGate entity to the
testbench as component
   component andGate is
   port( A, B : in std_logic;
            F : out std_logic);
   end component;

   signal  inA, inB, outF : std_logic;
begin
   --map the testbench signals to the
ports of the andGate
   mapping: andGate port map(inA, inB,
outF);

   process
      --variable to track errors
      variable errCnt : integer := 0;
   begin
      --TEST 1
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      inA <= '0';
      inB <= '0';
      wait for 15 ns;
      assert(outF = '0')  report "Error
1"  severity error;
      if(outF /= '0') then
         errCnt := errCnt + 1;
      end if;

      --TEST 2
      inA <= '0';
      inB <= '1';
      wait for 15 ns;
      assert(outF = '0')  report "Error
2"  severity error;
      if(outF /= '0') then
         errCnt := errCnt + 1;
      end if;

      --TEST 3
      inA <= '1';
      inB <= '1';
      wait for 15 ns;
      assert(outF = '1')  report "Error
3"  severity error;
      if(outF /= '1') then
         errCnt := errCnt + 1;
      end if;

      -------------- SUMMARY -----------
--
      if(errCnt = 0) then
         assert false report "Good!"

severity note;
      else
         assert true report "Error!"

severity error;
      end if;

   end process;
end tb;
----------------------------------------
----
configuration cfg_tb of andGate_tb is
   for tb
   end for;
end cfg_tb;

 OR

--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION:
--name, inputs, outputs
entity orGate is
   port( A, B : in std_logic;
            F : out std_logic);
end orGate;

--FUNCTIONAL DESCRIPTION:
--how the OR Gate works
architecture func of orGate is
begin
   F <= A or B;
end func;

Test Bench:
--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION:
--no inputs, no outputs
entity orGate_tb is
end orGate_tb;

-- Describe how to test the OR Gate
architecture tb of orGate_tb is
   --pass orGate entity
   --to the testbench as component
   component orGate is
   port( A, B : in std_logic;
            F : out std_logic);
   end component;

   signal  inA, inB, outF : std_logic;
begin
   --map the testbench signals
   --to the ports of the orGate
   mapping: orGate port map(inA, inB,
outF);

   process
      --variable to track errors
      variable errCnt : integer := 0;
   begin
      --TEST 1
      inA <= '0';
      inB <= '0';
      wait for 15 ns;
      assert(outF = '0')  report "Error
1"  severity error;
      if(outF /= '0') then
         errCnt := errCnt + 1;
      end if;

      --TEST 2
      inA <= '0';
      inB <= '1';
      wait for 15 ns;
      assert(outF = '1')  report "Error
2"  severity error;
      if(outF /= '1') then
         errCnt := errCnt + 1;
      end if;

      --TEST 3
      inA <= '1';
      inB <= '1';
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      wait for 15 ns;
      assert(outF = '1')  report "Error
3"  severity error;
      if(outF /= '1') then
         errCnt := errCnt + 1;
      end if;

      -------------- SUMMARY -----------
      if(errCnt = 0) then
         assert false report "Good!"
severity note;
      else
         assert true report "Error!"
severity error;
      end if;

   end process;
end tb;
----------------------------------------
----
configuration cfg_tb of orGate_tb is
   for tb
   end for;
end cfg_tb;


