
1

11.   -
  SR, D, JK  T FLIP-FLOP

1.      ;

    
      

  .

2.      ;

    
       

  ,     
  , 
    

  .
    
 ,   

    ,  
      

(sequential).     
    
.

    
       

  (  1).

 1.   
.

3.    « » 
 ;

 (state)  
    
 (state variables)    

     
     

,     
   .
   ,  
    

    ,
    (state).
   

     .
  ,     

  ,    

.       
   .

,    
     

 ,     
   .

4.     
;

     
     

     
.    n 

   2n 
. ,      

2n,      , 
   

    
(finite state machines).

5.   

  
     
   (feedback).  

    ,   
      .

   
   .  , 

     
       

     
 .   
,     

 ,     
   .

6.   

   
,  ’      

     , 
    .  

     ,  
    

     
      

   1    
 (    )   0.
     

    
    

       
 .   



2

      
    , 

     
.

     
       

      
 ,    

 ’     
     

     .

7.      

 ,   
    (  

)   .  
    

,       
   .  

     
      

      
      .

 ,      
 AND,      

       
 .  ,     

 AND      
      .   

 2   
   .

 2.   
  .

 ,    
  HIGH    

      
       HIGH,  

   LOW  
.
   

   

quartz      
.

 3  
   

    .

 3.  
    
 .

8.   

   
(feedback sequential circuit) 

     
       

,   
  ,  

 (latch)    (flip-
flops),    

 .

9.  –   

 4  
  1MHz      
   .

CLK_ tH tL

tper

CLK_L
tL tH

tper

 

T=tper f=1/T

Duty Cycle = tH/tL

Duty Cycle = tL/tH

    HIGH

   LOW

U1 HC49S_CY12BPS

U2 SN7404

R2 10M

R
1

10
0k

C
1

20
p

C
2

20
p

VF1

VF2

T

Time (s)
0.00 2.50u 5.00u 7.50u 10.00u

VF1

0.00

4.00

VF2

-8.00

8.00

U1 1M CLK
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 4.  
 1MHz      

  .

10.   

    
      

 .

11.

   
 (clocked synchronous state

machine)   
    Flip-

Flops  D,     
       
     

     .

12.  

   
 (latch)   

      
      

 ,    
  .

13. Flip-Flops

   flip-flop
      

     
      

     
.

    
    , 

flip-flops.     
    bit .

 flip-flops    
–      bit   

       .
    

 flip-flop     
   flip-flop.

  flip-flop   
     ’

 (     ), 
       

.
   

   flip-flop   
         

      
.

14.  SR

 5.   
SR   NOR.

 5   
  SR   NOR.  
     RS- -

.      
       

       
    

T

Time (s)
0.00 2.50u 5.00u 7.50u 10.00u

CLK

L

H

 : CLK: 0 1  : CLK: 1 0

U1

U2

R

S

Q:3

Q':4

R:2

S:1

T

Time (s)
0.00 500.00n 1.00u 1.50u 2.00u

S

0.00

5.00

R

0.00

5.00

Q

0.00

4.00

Q'

0.00

4.00

0

0

0

1

1

0

1

1

0 1
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 .  
     .

  /  
 SR   .

S R Q+ Q+’
0 0  Q Q’
0 1  0 1
1 0  1 0
1 1 0( ) 0( )

 1.
/    SR.

S=1,R=1, Q=0,Q’=0. 
        

  .  
      

,     
       

 1.       
    .

Q=1,Q’=0    
  1.

Q=0,Q’=1    
  0.
    0    

 ,   
     

      
      

 .   
     S    R

   .

 6.   
SR   NAND.

 7.  
 SR.

    1 
    flip-flop  

.       
 0   1  

.   1  
   SR  

.  6 
  SR-    NAND

     7.
   

     
 /  (  2).

     
  SR=00  QQ’=11.  
       
  S, R      0.

S R Q Q’
0 0 1 ( ) 1 ( )
0 1 0 1
1 0 1 0
1 1 1 0

 2.  
 SR   NAND.

 1.   
  SR-FF (  8) 

     
   4bits

(  9).

 8.

R

S

Q:3

Q':4

R:2

S:1

U1

U2

T

Time (s)
0.00 500.00n 1.00u 1.50u 2.00u

S

L

H

R

L

H

Q

L

H

Q'

L

H

0

1

1

1

0

1

0

1

1

0

1

0

1

1

0

0

U1

U2

Q:3

Q':4

R:2

S:1

1
2
3
4

U3
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 9.

15. RS    –  = RS
Flip-Flop

     RS
       

S   R.   M      
     

       
  . To  

   RS flip-flop.  
 (  )    

     . 
10     .

 10. Flip-Flop RS.

CP=0 :  .  
 .  Q+=Q.

S=0, R=0, CP=1 :  .
Q+=X.
S=1, R=0, CP=1 :  . Q+=1.
S=0, R=1, CP=1 :  .
Q+=0.
S=1, R=1, CP=1 :  .
Q+=X.

   
(  11)    

  flip-flop RS (  
 Flip-Flop     ).

 6.   
 RS flip-flop.

 SR-FF     
 4bit     

12.  13   SR   
(     Flip-Flops).

 7. SR-Flip-Flop  
   NAND.

 8.  SR-Flip-Flop   
.

 1.  
   SR-FF   .

  SR-FF   
TINA       

 NAND (  14)   
   (  15).

T

Time (s)
0.00 1.00u 2.00u 3.00u 4.00u 5.00u

S

L

H

R

L

H

Q

L

H

Q'

L

H

R 500k

S 250k

Q:4

Q':5

R:3

S:2

U1 SN7400

U2 SN7400

U3 SN7400

U4 SN7400

CLK 1M
CLK:1

T

Time (s)
0.00 2.50u 5.00u 7.50u 10.00u

CLK

L

H

S

L

H

R

L

H

Q

L

H

Q'

L

H

0

0

0

1

1

0

0

1

1

1

0

0

0

1

1

0

0

1

1

1

0

0

0

0

1

Q

Q'

1
2
3
4

Data
3

4

CP

1

2

S (set)

R (reset)

S

R

Q
RSFF1

2
3
4

Data

CP

Q
S (set)

R (reset)

Q:4

Q':5

S:2

R:3

U1 SN7400

U2 SN7400

U3 SN7400

U4 SN7400

CLK:1

S

R

Q
U6

U5 1k

U7 4k

U8 2k

Q2:6
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 9.    
.

 10.  .

 2.   
 (  3)   

  (  16)  SR-FF.

 3.   
SR-FF.

S R Q Q+

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 X
1 1 1 X

 11.  Karnaugh 
 SR-FF.

    
    Karnaugh,  

   :
Q+ = S + R’Q  S R = 0

(     
 RS flip-flop     

 SR=0,      
  S=1,R=1.)

 3.   
 (  17)    

 (  18). a)    
    (

    ). b)
       

 ;

 12.

 13.

16. D-FLIP-FLOP

    
   

 RS  flip-flop      
 R  S     1.

    D-flip-flop.   
  : D, CP.

  D   CP=1.
 D=1, CP=1  Q=1 : 

A  D=0, CP=1  Q=0 : 

 D-flip-flop      
      (Data).

   
 D.

     
Karnaugh   D-FF   .

D Q Q+

0 0 0

T

Time (s)
0.00 1.00m 2.00m 3.00m

CLK
L

H

S
L

H

R
L

H

Q
L

H

Q'
L

H

Q2
L

H

1
2
3
4

U1

S

R

Q
U2 Noname

CLK 1M
CLK:1

S:2

R:3

Q:4

T

Time (s)
0.00 2.50u 5.00u 7.50u 10.00u

CLK

L

H

S

L

H

R

L

H

Q

L

H
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0 1 0
1 0 1
1 1 1

 4.   D-Flip-
Flop.

 19.   D-Flip-
Flop.

    
  D-FF  :

Q+ = D

 1.  
   DFF  . 

 D-FF     TINA    
     NAND  
   

. (  20, 21).

 20.   D-Flip-Flop 
,    NAND   o  D-Flip-Flop  

TINA.

 21.  
.

 2.   
    22,    D-

FF   23   ,
     Q.

 22.

 23.

 3.    D-FF   
D-Latch  . (  24, 25).

 24.

1 SN7400

2 SN7400

Q1:3
3 SN7400

4 SN7400

CLK 1M
CLK:1

D 1u

D:2

5 SN7400

D

C Q

QP

U1 SN7474H
U2 5

H
U4 5

Q2:4

T

Time (s)
0.00 1.00u 2.00u 3.00u 4.00u 5.00u 6.00u 7.00u

CLK

L

H

D

L

H

Q1

L

H

Q2

L

H

T

Time (s)
0.00 2.00u 4.00u 6.00u

Ck

L

H

D

L

H

D
E

Q

U1 SN74100
Q

CP 1M

D 1u D
Ck

CLK 1M
CLK:1

D 1u

D:2

D

C Q

QP

U1 SN7474H
U2 5

H
U4 5

Q2:4

D
E

Q
U3 SN74100

Q1:3
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 25.

17. JK-FLIP-FLOP

To JK-flip-flop   
  RS-flip-flop      

      RS,
   JK.    J,  K

   R,  S.   
    ,    JK

     
   .

J,K   0,0   
 Q(t+1)=Q

J,K   0,1  reset 
Q(t+1)=0
J,K    1,0   set  
Q(t+1)=1
J,K   1,1  toggle ( )

 Q(t+1)=Q’

 5.   JK-FF.

J K Q Q+

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

 26.     JK-
FF.

27.

JK-FF.

    :

 Q(t+1)=JQ’+K’Q.

    
  JK-flip-flop,  J=1    CP

 1    –   
  ,    

   . . .   
 CP   0.    

   ,  
      

     
   flip-flop.   

   ,
      

     , 
   .      JK-

flip-flop    
  ,    -

  .
      T-flip-flop 

   .

 1.  
  (   P  C)

      JK-FF
SN7476.     

  ;

 28.  
 JK-FF.

T

Time (s)
0.00 2.50u 5.00u 7.50u 10.00u

CLK

L

H

D

L

H

Q1

L

H

Q2

L

H

1

2

Q

Q'

3

4

1
2
3
4

Data

CP

R (reset)

S (set)

K

J
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18. T-FLIP-FLOP

  -FF    
  flip-flop  

(toggle),    .   
     flip-flop, 

      =1  
  .  =0,

Q(t+1)=Q,     
       

.

Q Q+

 6.
 T-FF.

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

 29.  -FF    JK-FF  
  JK  .

 14.
 

T-FF.

     
-FF :

Q+ = T’Q + TQ’

19.   FLIP-FLOPS – 
 - 

     FF  
      

  . 
     RC

(  - )   , 
      

    -     
       
   .  

 FF         
    ,   

  (edge triggering).

      
    FF -

(master-slave)    FF.  
FF -     

  FF,        
 (master),     

 (slave).
 FF -   

       
       

   .   
 S   FF      

 Q     FF     
 .

 31    –
    SR-FF.

 31. SR-FF   .

    
   32. 

    
     Qmaster   Qslave  

      
.

32.   
 SR-FF   .

1

2

Q

Q'

3

4

CP

T R (reset)

S (set)

S

CLK

R

S

CLK

R

S
CLK

R

CLK

CLK

Qmaster:4

Q'master:5

S:2

R:3

U1

U2

U3

U4

CLK:1

S

R

Q

U6

S 1k

CLK 4k

R 2k

Q2master:6

Qslave:7

Q'slave:8

U5

U7

U8

U9

U10

U11

S

R

Q

U12

U13

Q2slave:9

Master Slave

Master Slave

T

Time (s)
0.00 1.00m 2.00m 3.00m

CLK

S

R

Qmaster

Q'master

Q2master

Qslave

Q'slave

Q2slave
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 FF  - ,    
      

        
,     

 .
  -   

    FF 
  FF  RS    

  .
   33 

   JK-FF    – .
      

    FF.

 33. JK-FF 
- .

 34    
  . 
   QM     

    J  K,  QS 
 QM      

  .

 34.  
 JK-FF  -

.

    
    FF  -
       

   .    
        FF

  (    
 ).     ,

     ,
         

FF     
.

     
 0,     

,      
     

 -      
. ,    FF 
     

   ,     
 FF     .

      
    FF    

     0.
    FF   

   ,    
       

     
.

20. 

1.      JK-
FF.      

 (     
 Karnaugh);   

(     JK-FF)  
   .  

  Preset  Clear 
  7476 

  ;    
       

    
 ;

2.     , 
       D-

FF   T-FF.
3.     D-FF 

   JK-FF .
4.    

  D-FF (  35) 
   D (  36).

 35.

H
U3 5

J 1u

K 1u

CP 1M

U4

J

K Q

QP

U1

J

K Q

QP

U2

C
LK

:1
J:

2
K:

3

Q
S:

5

Q
M

:4

T

Time (s)
0.00 1.00u 2.00u 3.00u 4.00u 5.00u 6.00u 7.00u

CLK

L

H

J

L

H

K

L

H

QM

L

H

QS

L

H

D
E

Q

U1 SN74100
Q

CP 1M

D 1u D

Ck
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 36.

5.     -FF 
   JK-FF.

6.    
  JK-FF (  37) 
   Q  Q’ (

38).

 37.

 38.

7.    
  T-FF (  39) 
   J (  40).

 39.

 40.

8. SN74112 - DUAL JK NEGATIVE EDGE-
TRIGGERED FLIP-FLOP WITH
PRESET AND CLEAR.  

   Pencil Box
     

(MODE SELECT – TRUTH TABLE) 
SN74112 (  41).   

   
(  42).

T

Time (s)
0.00 2.00u 4.00u 6.00u

Ck

L

H

D

L

H

Q

L

H

Q

Q'

U7 1M

1
2
3
4

U9 J

KCk

J

K C Q

QP

U11 SN7476

H
Pr

5
H C
r5

T

Time (s)
0.00 5.00u 10.00u 15.00u 20.00u

Ck

L

H

J

L

H

K

L

H

Q

L

H

Q'

L

H

J

K Q

QP

U2 SN74LS113

T 1u

CP 1M
Q

Q'

J
C

P

H
U1 5

T

Time (s)
0.00 2.00u 4.00u 6.00u

CP

L

H

J

L

H

Q

L

H

Q'

L

H
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 41. SN74112 - DUAL JK
NEGATIVE EDGE-TRIGGERED FLIP-FLOP
WITH PRESET AND CLEAR.

.

 42.   
  .

9. SN74112 –   -FF.
    Pencil

Box       JK  SN74112
   -FF.  

    
(  43).

.

 43.   
  .

10. SN74112 –   D-FF.
    Pencil

Box       JK  SN74112
   D-FF.    

  (SN7404).  
    

(  44).

.

 44.   
  .

NC(1) = No Internal Connection

J = J1 J 2 J3   -   K = K1 K2 K3

 45.  SN7472 –
AND-GATED JK MASTER-SLAVE
NEGATIVE EDGE-TRIGGERED FLIP-FLOP

16 15
,1

4

4,
10

2,
12

3,
11

1,13

5,
9

6,
7

15
,1

4

6,7

5,9

4,
10

3,11

1,13

2,12

J

K C Q

QP

U1 SN74LS112

HL

P(
SD

)

HL

J

HL

K

HL

C
(C

D
)

L0(Q)

H
L

CLK

VCC 5

L1(Q)

8
16

16 15
,1

4

4,
10

3,
11

(2
,1

2)

1,13

5,
9

6,
7

15
,1

4

6,7

5,9

4,
10

3,11(2,12)

1,13
J

K C Q

QP

U1 SN74LS112

HL

P(
SD

)

HL

J=
K

HL

C
(C

D
)

L0(Q)

H
L

CLK

VCC 5

L1(Q)

8
16

16

15
,1

4

4,
10

3,
11

1,13

5,
9

6,
7

15
,1

4

6,7

5,9

4,
10

3,11
1,13

2,
12

2,12

J

K C Q

QP

U1 SN74LS112

HL

P(
SD

)

HL

J=
K

HL

C
(C

D
)

L0(Q)

H
L

CLK

VCC 5

L1(Q)

in
v

SN
74

04

8,
in

v(
7)

16
,in

v(
14

)

inv (1)

in
v(

2)
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WITH PRESET AND CLEAR   
 .

11. SN7472 – AND-GATED JK MASTER-
SLAVE NEGATIVE EDGE-TRIGGERED
FLIP-FLOP WITH PRESET AND
CLEAR.   

  Pencil Box  
     

SN7472. (  45). ( :  7472
    

   
     

    and   
    1.  

     VCC. 
     preset  clear. 

    1). 
    

 (  46).

.

 46.   
  .

NC(1) = No Internal Connection

J = J1 J 2 J’  -   K = K1 K2 K’

 47.  SN7470 –
AND-GATED JK MASTER-SLAVE POSITIVE
EDGE-TRIGGERED FLIP-FLOP WITH
PRESET  AND  CLEAR     

.

12. SN7470 – AND-GATED JK MASTER-
SLAVE POSITIVE EDGE-TRIGGERED
FLIP-FLOP WITH PRESET AND
CLEAR.   

  Pencil Box  
     

SN7470. (  47).  
    

(  48).

.

 48.   
  .

13.   JK-FF 
 D-FF,  MUX 4x1    NOT.

.  49  50.

 49. JK-FF  
D-FF,  MUX 4x1    NOT.

14

2 13 9

12

86

3
4
5

9
10
11

12

13
2

8

6

1011345

HL

PR
E

HL

K1

HL

C
LR

L0(Q)

H
L

CLK
VCC

L1(Q)

J

K C Q

QP

SN7472

ANDJ

ANDK

HL

K2

HL

K3

HL

J1

HL

J2

HL

J3

7
14

14

2 13 9

12

86

3
4

5

9
10
11

12

13
2

8

6

1011345

HL

PR
E

HL

K

HL

C
LR

L0(Q)

H
L

CLK
VCC

L1(Q)

J

K C Q

QP

SN7470

ANDJ

ANDK

HL

K2

HL

K3

HL

J1

HL

J2

HL

J

not
not

not

7
14

MyMux4x1 F

I0
I1
I2
I3

S
1

S
0

U9 MyMux4x1

D

C Q

QP

U1 SN7474

H
U2 5

H
U3 5

Q:4

U4 SN7404

HU5
LU6

K 100

J 50

K:3

J:2

CLK 200

CLK:1
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 50.  
 .

14.      FF Q,
  x, y    S.

    
   D-FF (  51). 

     
 .

.

 51.   
.

      
     :

Sum x y Q   Cout =  x y + x Q + y Q . 
   FF : DQ = Cout =  x y +

x Q + y Q.
H   

  : Q(t+1) = D =  Cout =  x y + x
Q + y Q .     

 7.
. . . . 
Q x y Q(t+1) S
0 0  0 0 0
0 0  1 0 1
0 1  0 0 1
0 1  1 1 0
1 0  0 0 1
1 0  1 1 0
1 1  0 1 0

1 1  1 1 1
 7.

    
    52 (

  State Editor  ).  
     

    53.  
State Editor  ,   
VHDL  (  1)   .

 52.  .

 53.  .

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity SAMPLE is
port (

reset: in std_logic;
CLK: in std_logic;
x: in std_logic;
y: in std_logic;
S: out std_logic;
Q: out std_logic);

end;

architecture SAMPLE_arch of SAMPLE is
type SMachine0_type is (S0,S1);
signal SMachine0: SMachine0_type := S0;
begin
SMachine0_machine: process (CLK)
begin
if reset = '1' then

S<='0';
Q<='0';
SMachine0 <= S0;

elsif CLK'event and CLK = '1' then
case SMachine0 is

when S0 =>
Q <= '0';
if x='1' and y='1' then

S<='0';
SMachine0 <= S1;

elsif x='0' and y='1'then
S<='1';
SMachine0 <= S0;

elsif x='0' and y='0'then
S<='0';
SMachine0 <= S0;

T

Time (s)
0.00 25.00m 50.00m 75.00m 100.00m

CLK

L

H

J

L

H

K

L

H

Q

L

H

x
y

x
y

x

y

FA Cout
Sum

A
B
Cin

U7 FAx:3 y:4

S:5

D

CQ

Q P

U1 SN7474

CLK 1M

H
U3 5

H
U4 5

CLK:1

Q:2

y 1u

y 1u

T

Time (s)
0.00 2.00u 4.00u 6.00u 8.00u

CLK

L

H

Q

L

H

x

L

H

y

L

H

S

L

H
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elsif x='0' and y='1'then

S <= '1';
SMachine0 <= S0;

end if;
when S1 =>

Q<='1'
if x='1' and y='1' then

S<='1';
SMachine0 <= S1;

elsif x='1' and y='0'then
S<='0';
SMachine0 <= S1;

elsif x='0' and y='1'then
S<='0';
SMachine0 <= S1;

end if;
when others =>

null;
end case;

end if;
end process;
end SAMPLE_arch;

 1.  
VHDL    .

15.      JK-FF
      x.   

     
   FF:  JA = x, KA = B',   JB =

x,    KB = A.    
    A(t+1)   B(t+1)

     
   .

.
     

JK-FF :
Q(t+1) = JQ' + K'Q.

   
       FF  

:
A(t+1) = x A' + B A 
B(t+1) = x B' + A' B.

O    
 (  8).

    
 54 (     State Editor

 ).    VHDL
   2.

. . . .  FF
A B x A+ B+ JA KA JB KB
0  0 0 0 0 0 1 0 0
0  0 1 1 1 1 1 1 0
0  1 0 0 1 0 0 0 0
0  1 1 1 1 1 0 1 0
1  0 0 0 0 0 1 0 1
1  0 1 0 1 1 1 1 1
1  1 0 1 0 0 0 0 1
1  1 1 1 0 1 0 1 1

 8.

 54.  
.

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity SAMPLE is
port (

reset: in std_logic;
CLK: in std_logic;
x: in std_logic;
A: out std_logic;
B: out std_logic);

end;

architecture SAMPLE_arch of SAMPLE is
type SMachine0_type is (S0,S3,S2,S1);
signal SMachine0: SMachine0_type := S0;
begin

SMachine0_machine: process (CLK)
begin
if reset='1' then

A<='0';
B<='0';
SMachine0 <= S0;

elsif CLK'event and CLK = '1' then
case SMachine0 is

when S0 =>
A<='0';
B<='0';
if x='1' then

SMachine0 <= S3;
elsif x='0'then

SMachine0 <= S0;
end if;

when S3 =>
A<='1';
B<='1';
if x='0' or x='1' then

SMachine0 <= S2;
end if;

when S2 =>
A<='1';
B<='0';
if x='0' then

SMachine0 <= S0;
elsif x='1'then

SMachine0 <= S1;
end if;

when S1 =>
A<='0';
B<='1';
if x='0' then

SMachine0 <= S1;
elsif x='1'then

SMachine0 <= S3;
end if;

when others =>
null;

end case;
end if;
end process;

end SAMPLE_arch;
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 2.  
VHDL  .

16.     
    

 (  9)  
    .

( . . =  , . . =
 ).

.
  b, e    

       
     .

    e
(   )     b.

,   d  h  .
     h

(   )   d (  10).

. .
. .

X=0 X=1 X=0 X=1
a f b 0 0
b d c 0 0
c f e 0 0
d g a 1 0
e d c 0 0
f f b 1 1
g g h 0 1
h g a 1 0

 9.

. .
. .

X=0 X=1 X=0 X=1
a f b 0 0
b d c 0 0
c f e 0 0
d g a 1 0
e d c 0 0
f f b 1 1
g g h 0 1
h g a 1 0

 10.
     

    11.
     a

 c  ,    c
(   )   a.

    
   12.

     
     

 .

. .
. .

X=0 X=1 X=0 X=1

a f b 0 0
b d c 0 0
c f b 0 0
d g a 1 0
f f b 1 1
g g d 0 1

 11.

. .
. .

X=0 X=1 X=0 X=1
a f b 0 0
b d a 0 0
d g a 1 0
f f b 1 1
g g d 0 1

 12.

17.     a  
  01110010011, 

   : 
    

     
   
 .     

     
  .

.
    
    

  :
state a f b c e d g h g g h a
input  0 1 1 1 0 0 1 0 0 1 1
output 0  1 0 0 0 1 1 1 0 1 0

 13.
   

    
   :

state a f b a b d g d g g d a
input  0 1 1 1 0 0 1 0 0 1 1
output 0  1 0 0 0 1 1 1 0 1 0

 14.
    

      .



17

18.     
 D-FF       x.  

x=0    
  .  x=1  
    00  01

 11  10  00 
.

.
     

    ,  
    

  55.
   

    (  15).

 55.
. . . .

A B x A B
0  0 0 0  0
0  0 1 0  1
0  1 0 0  1
0  1 1 1  1
1  0 0 1  0
1  0 1 0  0
1  1 0 1  1
1  1 1 1  0

 15.
     D-FF

 : Q(t+1) = D.
     

   : A(t+1) = DA
(A,B,X) =  (3,4,6,7)  B(t+1) = DB (A,B,X) =

 (1,2,3,6).     
Karnaugh     

:

DA = BX + AX'

DB = A'X + BX'
    56.  O

VHDL       FSM
Editor      3.

 56.
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity SAMPLE is
port (

reset: in std_logic;
CLK: in std_logic;
x: in std_logic;
a: out std_logic;
b: out std_logic);

end;

architecture SAMPLE_arch of SAMPLE is
type SMachine0_type is (S1,S1,S3,S2);
signal SMachine0: SMachine0_type := S1;
begin
SMachine0_machine: process (CLK)
begin

if reset='1' then
a<='0';
b<='0';
SMachine0 <= S1;

elsif CLK'event and CLK = '1' then
case SMachine0 is

when S1 =>
a<='0';
b<='0';
if x='0' then

SMachine0 <= S1;
elsif x='1'then

SMachine0 <= S1;
end if;

when S1 =>
a<='0';
b<='1';
if x='1' then

SMachine0 <= S3;
elsif x='0'then

SMachine0 <= S1;

CLK

CLK

CLK

DA

DB

x

x x'
A

B

A'

B'

x'
A

x
B

x
A'

x'
B

DA

DB

CLK,1k

D

C Q

QP

U1

D

C Q

QP

U2

H
U3

H
U4

H
U5

U6

U7

U8

U9

U10

U11

U12

x

CLK:1

x:2

A:3

B:4

DA = BX + AX'

DB = A'X + BX'
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end if;

when S3 =>
a<='1';
b<='1';
if x='0' then

SMachine0 <= S3;
elsif x='1'then

SMachine0 <= S2;
end if;

when S2 =>
a<='1';
b<='0';
if x='0' then

SMachine0 <= S2;
elsif x='1'then

SMachine0 <= S1;
end if;

when others =>
null;

end case;
end if;
end process;
end SAMPLE_arch;

 3. VHDL  
  State Editor  .

19.     
 JK-FFs        

x.  An  E=0      
     

  x.    =1   x=1  
     

00  01  10  11   
00        

.  =1  x=0  
    00  11  10

 01   00   
 .

.    
    FSM Editor

     57.

 57.
 16   

  .

. . .
FLIP-

FLOPS
A B E  X  A B JA KA JB KB

0 0 0 0 0 0 0 X 0  X
0 0 0 1 0 0 0 X 0  X
0 0 1 0 1 1 1 X 1  X
0 0 1 1 0 1 0 X 1  X
0 1 0 0 0 1 0 X X  0

0 1 0 1 0 1 0 X X  0
0 1 1 0 0 0 0 X X  1
0 1 1 1 1 0 1 X X  1
1 0 0 0 1 0 X 0 0  X
1 0 0 1 1 0 X 0 0  X
1 0 1 0 0 1 X 1 1  X
1 0 1 1 1 1 X 0 1  X
1 1 0 0 1 1 X 0 X  0
1 1 0 1 1 1 X 0 X  0
1 1 1 0 1 0 X 0 X  1
1 1 1 1 0 0 X 1 X  1

 16.

     
    FFs.

JA

      JA = BEX +B'EX' = E (B X)'
KA

     KA = BEX +B'EX' = E (B X)'

JB
            JB = E
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KB
            KB = E

    
58.     2bit 

    X=1,      =0,
     .  59

    . 
 4    

VHDL     .

 58.

 59.  .

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity SAMPLE is
port (

reset: in std_logic;
CLK: in std_logic;

x: in std_logic;
E: in std_logic;
A: out std_logic;
B: out std_logic);

end;

architecture SAMPLE_arch of SAMPLE is
type SMachine0_type is (S0,S1,S2,S3);
signal SMachine0: SMachine0_type := S0;
begin

SMachine0_machine: process (CLK)
begin
if reset='1' then

A<='0';
B<='0';
SMachine0 <= S0;

elsif CLK'event and CLK = '1' then
case SMachine0 is

when S0 =>
A<='0';
B<='0';
if E='1' and x='0' then

SMachine0 <= S3;
elsif E='1' and x='1'then

SMachine0 <= S1;
elsif (E='0' and x='0') or

(E='0' amd x='1')then
SMachine0 <= S0;

end if;
when S1 =>

A<='0';
B<='1';
if E='1' and x='0' then

SMachine0 <= S0;
elsif E='1' and x='1'then

SMachine0 <= S2;
elsif (E='0' and x='0') or

(E='0' and x='1')then
SMachine0 <= S1;

end if;
when S2 =>

A<='1';
B<='0';
if E='1' and x='0' then

SMachine0 <= S1;
elsif E='1' and x='1'then

SMachine0 <= S3;
elsif (E='0' and x='0') or

(E='0' and x='1')then
SMachine0 <= S2;

end if;
when S3 =>

A<='1';
B<='1';
if E='1' and x='0' then

SMachine0 <= S2;
elsif E='1' and x='1'then

SMachine0 <= S0;
elsif (E='0' and x='0') or

(E='0' and x='1')then
SMachine0 <= S3;

end if;
when others =>

null;
end case;

end if;
end process;
end SAMPLE_arch;

 4. VHDL  
  State Editor  .

H

H

H

H

B

B

CLK

CLK

CLK

JK

JK

E

E

U1 SN7486 U2 SN7404

U3 SN7408

J

K C Q

QP

A SN7476

J

K C Q

QP

B SN7476

H
U6 5

CLK 1k

A:4

B:5

E:2

x:3

CLK:1

E 1u

x 1u

T

Time (s)
0.00 2.50m 5.00m 7.50m 10.00m

CLK

L

H

E

L

H

x

L

H

A

L

H

B

L

H

count-downcount-up



20

20. a)     
    0.1,  0.5

 1 MHz.  b)   
     

 0  30 s. c)   
  0.1MHz 

     
  .

.   Clock2   Sources 
Voltage Pin   Meters.  

  60. 
Analysis Digital Timing Analysis  30 s (30u

  ),   
 61.

 60.

 61.

21.     
  . 

    
     

  62.

 62.

22.     D-FFs  
    

  (  63).

 63.

CLK1 100k

CLK2 500k

CLK3 1M

CLK1

CLK2

CLK3

T

Time (s)
0.00 10.00u 20.00u 30.00u

CLK1

L

H

CLK2

L

H

CLK3

L

H

1==>0
(  )

0==>1
(  )

Q1

Q2

Q2
Q1

0

1

y

z

z'

y+z'

yz

z

y
z'

y
z

0
1
y

y+z'

w
x'

yz
y'

x

w

x'x

y'y

1

1

1

0

0

A
B
1G
1C0
1C1
1C2
1C3
2G
2C0
2C1
2C2
2C3

1Y
2Y

U1 74153
D

C Q

QP

U2 SN7474

D

C Q

QP

U3 SN7474

Q1:3

Q2:2

L
U4 0

H
U5 5

H
L

y

U6 SN7432

U7 SN7404

H
L

z

U8 SN7408
CLK 1k

H
L

x

H
L

w

U10 SN7404

U11 SN7404

CLK:1
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  VHDL

   GUARDED BLOCK

LIBRARY ieee;
USE ieee.std_logic_1164.all;

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

ARCHITECTURE latch OF latch IS
BEGIN
b1: BLOCK (clk='1')
– guard expression
BEGIN
q <= GUARDED d;
-- guarded statement
END BLOCK b1;
END latch;

 DFF  GUARDED BLOCK

LIBRARY ieee;
USE ieee.std_logic_1164.all;

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

ARCHITECTURE dff OF dff IS
BEGIN
b1: BLOCK (clk'EVENT AND clk='1')
BEGIN
q <= GUARDED '0' WHEN rst='1' ELSE
d;
END BLOCK b1;
END dff;

 

  VHDL     
.   PROCESS, FUNCTION

 PROCEDURE     
    

( ). ,    
      

      
    .

    
      

 . ,  
    ,

    
.    

    
(behavioral code).

    
   , 

     PROCESS,
FUNCTIO   PROCEDURE).  

 IF, WAIT, CASE  LOOP.
 VARIABLES  

      
  (   

PROCESS, FUNCTIO   PROCEDURE).
,      SIGNAL,  

VARIABLE       ,
        .

      
PROCESSES.  FUNCTIONS  
PROCEDURES   

    
.

PROCESS

H PROCESS   
   VHDL.  

   IF, WAIT, CASE,  LOOP 
    (   

  WAIT).  PROCESS 
    , 

        
   (     

   WAIT ).  
   :

[label:] PROCESS (sensitivity list)
[VARIABLE name type [range]
[:= initial_value;]]
BEGIN
(sequential code)
END PROCESS [label];

 VARIABLES  ’ . 
 ,    

     BEGIN.   
      
   .

   label    ’
.        

.     
     VHDL.

    
,     

( . .    ).  
      

  EVENT. . .   clk   
 ,   clk’EVENT

 TRUE      clk
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(       
).

  . DFF 
 Reset

LIBRARY ieee;
USE ieee.std_logic_1164.all;

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

ARCHITECTURE behavior OF dff IS
BEGIN
PROCESS (clk, rst)
BEGIN
IF (rst='1') THEN
q <= '0';
ELSIF (clk'EVENT AND clk='1') THEN
q <= d;
END IF;
END PROCESS;
END behavior;

  

 VHDL      
-  :   SIGNAL   

VARIABLE.  SIGNAL   
PACKAGE, ENTITY  ARCHITECTURE, 

  ,   VARIABLE 
      

  ( . .  PROCESS).
,      SIGNAL    

,    VARIABLE  
.

   VARIABLE,    
    PROCESS  .   

  ,     
 SIGNAL.      

VARIABLE  ,   
 .      

SIGNAL (    
PROCESS),        

     
PROCESS.

     
SIGNAL    «<=»     VARIABLE

 = «:=».

IF

H IF, WAIT, CASE  LOOP 
  .   

     PROCESS,
FUNCTION  PROCEDURE.

    
  IF.  ,   ,  

    (   IF/ELSE
      

  ), 
      

    .   
IF   :
IF conditions THEN assignments;
ELSIF conditions THEN assignments;
...
ELSE assignments;
END IF;

:
IF (x<y) THEN temp:="11111111";
ELSIF (x=y AND w='0') THEN
temp:="11110000";
ELSE temp:=(OTHERS =>'0');

WAIT

 WAIT     
 IF. ,    

  WAIT.     
   IF,  CASE  

LOOP,   PROCESS      
     WAIT. 

     WAIT
  :

WAIT UNTIL signal_condition;
WAIT ON signal1 [, signal2, ... ];
WAIT FOR time;

 WAIT  UNTIL    
 ,    

  ,  .
  PROCESS    

   ,  WAIT UNTIL 
      PROCESS. 

PROCESS       
  .

: 8bit  
 reset:

PROCESS -- no sensitivity list
BEGIN
WAIT UNTIL (clk'EVENT AND clk='1');
IF (rst='1') THEN
output <= "00000000";
ELSIF (clk'EVENT AND clk='1') THEN
output <= input;
END IF;
END PROCESS;

H WAIT ON   ,  
.  PROCESS    
       . 

 ,  PROCESS  
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       rst  
clk.

: 8bit  
 reset:

PROCESS
BEGIN
WAIT ON clk, rst;
IF (rst='1') THEN
output <= "00000000";
ELSIF (clk'EVENT AND clk='1') THEN
output <= input;
END IF;
END PROCESS;

,  WAIT FOR   
 (   

testbenches). . .:
WAIT FOR 5ns;

. DFF   Reset 
 WAIT ON   IF

LIBRARY ieee;
USE ieee.std_logic_1164.all;

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

ARCHITECTURE dff OF dff IS
BEGIN
PROCESS
BEGIN
WAIT ON rst, clk;
IF (rst='1') THEN
q <= '0';
ELSIF (clk'EVENT AND clk='1') THEN
q <= d;
END IF;
END PROCESS;
END dff;

CASE

H  CASE,     ,  
   (    IF,

WAIT  LOOP).     
:

CASE identifier IS
WHEN value => assignments;
WHEN value => assignments;
...
END CASE;

:
CASE control IS
WHEN "00" => x<=a; y<=b;
WHEN "01" => x<=b; y<=c;
WHEN OTHERS => x<="0000"; y<="ZZZZ";

END CASE;
 CASE (   ) 
   WHEN  (   ).

 ,     
,     OTHERS  

.
      NULL (

  UNAFFECTED),   
      

     . . . :
WHEN OTHERS => NULL;.

,  CASE  
     (

   ),  
WHEN   .

    WHEN, 
«WHEN value»     :
WHEN value
-- single value
WHEN value1 to value2
-- range, for enumerated data types
-- only
WHEN value1 | value2 |...
-- value1 or value2 or ...

. DFF   reset  
 CASE

LIBRARY ieee;
-- Unnecessary declaration,  because
-- BIT was used instead of STD_LOGIC

USE ieee.std_logic_1164.all;

ENTITY dff IS
PORT (d, clk, rst: IN BIT;
q: OUT BIT);
END dff;

ARCHITECTURE dff3 OF dff IS
BEGIN
PROCESS (clk, rst)
BEGIN
CASE rst IS
WHEN '1' => q<='0';
WHEN '0' =>
IF (clk'EVENT AND clk='1') THEN
q <= d;
END IF;
WHEN OTHERS => NULL;
-- Unnecessary, rst is of type BIT
END CASE;
END PROCESS;
END dff3;
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LOOP

H LOOP    
      

 .    IF,  WAIT,  CASE,  
LOOP      

    PROCESS, FUNCTION 
PROCEDURE.

     
    LOOP  

:
FOR / LOOP:     

  .
[label:] FOR identifier IN range
LOOP
(sequential statements)
END LOOP [label];
WHILE / LOOP:   

    .
[label:] WHILE condition LOOP
(sequential statements)
END LOOP [label];
EXIT:    

 .
[label:] EXIT [label] [WHEN
condition];
NEXT: Used for skipping loop steps.
[label:] NEXT [loop_label] [WHEN
condition];

.   

     
     

    . 
   

LOOP/EXIT. H EXIT   
 escape    
      

(       
 LOOP   ,   

).   ,
 LOOP     1  

  .
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY LeadingZeros IS
PORT ( data: IN
STD_LOGIC_VECTOR (7 DOWNTO 0);
zeros: OUT
INTEGER RANGE 0 TO 8);
END LeadingZeros;

ARCHITECTURE behavior OF
LeadingZeros IS
BEGIN

PROCESS (data)
VARIABLE count:
INTEGER RANGE 0 TO 8;
BEGIN
count := 0;
FOR i IN data'RANGE LOOP
CASE data(i) IS
WHEN '0' => count := count + 1;
WHEN OTHERS => EXIT;
END CASE;
END LOOP;
zeros <= count;
END PROCESS;
END behavior;

 CASE  IF

,    ELSE  IF/ELSE
     

  (    
    CASE),     

 .  ,   IF (
 )   

   
,     

 . ,  
,      

  VHDL    
IF       

  CASE.
 ,    
    :

---- With IF: --------------
IF (sel="00") THEN x<=a;
ELSIF (sel="01") THEN x<=b;
ELSIF (sel="10") THEN x<=c;
ELSE x<=d;
---- With CASE: ------------
CASE sel IS
WHEN "00" => x<=a;
WHEN "01" => x<=b;
WHEN "10" => x<=c;
WHEN OTHERS => x<=d;
END CASE;

 CASE  WHEN

 CASE   WHEN  .
,  WHEN     CASE

.    
     :

WHEN CASE

PROCESS,
FUNCTION 
PROCEDURE

PROCESS,
FUNCTION 
PROCEDURE

 , WITH /
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SELECT /
WHEN

 
 

1

 UNAFFECTED NULL

  ,   
   :

---- With WHEN: ----------------
WITH sel SELECT
x <= a WHEN "000",
b WHEN "001",
c WHEN "010",
UNAFFECTED WHEN OTHERS;
---- With CASE: ----------------
CASE sel IS
WHEN "000" => x<=a;
WHEN "001" => x<=b;
WHEN "010" => x<=c;
WHEN OTHERS => NULL;
END CASE;

  

 VHDL     
 -  :  SIGNAL 

VARIABLE.     
    CONSTANT  GENERIC.
 CONSTANT   SIGNAL 
 (      ).
     

     . 
VARIABLE      

    
(    PROCESS, FUNCTION 
PROCEDURE)       

 .
   SIGNAL 

VARIABLE     .

CONSTANT

 CONSTANT   
      :

CONSTANT name : type := value;
:

CONSTANT set_bit : BIT := '1';
CONSTANT datamemory : memory :=
(('0','0','0','0'),
('0','0','0','1'),
('0','0','1','1'));

 CONSTANT     
PACKAGE,   ARCHITECTURE. 

       , 
,     

   . 

   ENTITY (   PORT) 
     

   ENTITY. , 
   ARCHITECTURE (  

 )     
  ARCHITECTURE. ,
 CONSTANT    

ARCHITECTURE  PACKAGE.

SIGNAL

 SIGNAL    
    ,  

  .  
       

. . .   PORTS   ENTITY
  SINGAL.     
:

SIGNAL name : type [range] [:=
initial_value];

:
SIGNAL control: BIT := '0';
SIGNAL count:
INTEGER RANGE 0 TO 100;
SIGNAL y:
STD_LOGIC_VECTOR (7 DOWNTO 0);

   SIGNAL   
        

CONSTANT.
   

 SIGNAL    
  ( . .   PROCESS)

       .
,        

      
   PROCESS,

FUNCTION  PROCEDURE.
     

SIGNAL   «<=».    
,     

   .
    

  SIGNAL   .
     

     , 
     ( . .

     ).
,      ,
     VARIABLE.

.  
  1
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  1     .  
     .

    ,  
     .

,       
 ,     

PROCEDURE,   
  .  
    VARIABLE

  SIGNAL.
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY count_ones IS
PORT ( din: IN STD_LOGIC_VECTOR (7
DOWNTO 0);
ones: OUT INTEGER RANGE 0 TO 8);
END count_ones;

ARCHITECTURE not_ok OF count_ones IS
SIGNAL temp: INTEGER RANGE 0 TO 8;
BEGIN
PROCESS (din)
BEGIN
temp <= 0; -- not immediate
FOR i IN 0 TO 7 LOOP
IF (din(i)='1') THEN
temp <= temp + 1; -- not immmediate
END IF;
END LOOP;
ones <= temp;
END PROCESS;
END not_ok;

   temp  ,
    

  ones. ,    
       ones 

OUT  BUFFER,   ones   
   

  .   ones 
   (OUT),   

  (temp)   
 .

VARIABLE

    CONSTANT 
SIGNAL,  VARIABLE  

 .   
 PROCESS, FUNCTION,  PROCEDURE

(    )    
    , .  

,      , 
   .

   VARIABLE,
   :

VARIABLE name : type [range] [:=
init_value];

:
VARIABLE control: BIT := '0';
VARIABLE count:
INTEGER RANGE 0 TO 100;
VARIABLE y:
STD_LOGIC_VECTOR (7 DOWNTO 0) :=
"10001000";

  VARIABLE  
    

,         
  PROCESS, FUNCTION 

PROCEDURE.
    

VARIABLE   «:=». ,   
  SIGNAL,    

    , 
   .

.   
 1

     
 ,      VARIABLE

   SIGNAL.   
VARIABLE  ,    

      
     VARIABLE.

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY count_ones IS
PORT ( din: IN STD_LOGIC_VECTOR (7
DOWNTO 0);
ones: OUT INTEGER RANGE 0 TO 8);
END count_ones;

ARCHITECTURE ok OF count_ones IS
BEGIN
PROCESS (din)
VARIABLE temp:
INTEGER RANGE 0 TO 8;
BEGIN
temp := 0;
FOR i IN 0 TO 7 LOOP
IF (din(i)='1') THEN
temp := temp + 1;
END IF;
END LOOP;
ones <= temp;
END PROCESS;
END ok;

 SIGNAL  VARIABLE

SIGNAL VARIABLE
<= :=
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.

(

PROCESS,
FUNCTION,
PROCEDURE).

  
  

 (  
 

PROCESS,
FUNCTION,
PROCEDURE).

 
  (

  
 

).

PACKAGE,
ENTITY,
ARCHITECTURE.

  ENTITY
  PORTS

SIGNAL
.

 

 (
 

PROCESS,
FUNCTION 
PROCEDURE).

.   
  .

   
:

    SINGAL (
  ):

-- Solution 1:
-- using a SIGNAL (not ok) --
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY mux IS
PORT ( a, b, c, d, s0, s1: IN
STD_LOGIC;
y: OUT STD_LOGIC);
END mux;

ARCHITECTURE not_ok OF mux IS
SIGNAL sel : INTEGER RANGE 0 TO 3;
BEGIN
PROCESS (a, b, c, d, s0, s1)
BEGIN
sel <= 0;
IF (s0='1') THEN sel <= sel + 1;
END IF;

IF (s1='1') THEN sel <= sel + 2;
END IF;
CASE sel IS
WHEN 0 => y<=a;
WHEN 1 => y<=b;
WHEN 2 => y<=c;
WHEN 3 => y<=d;
END CASE;
END PROCESS;
END not_ok;

H SIGNAL  
  . ,  

sel<=sel+1,     sel<=0, 
      1  sel.  

    sel<=sel+2.   
    VARIABLE,  

      
.
     

     
  SIGNAL  (  sel).    

       
PROCESS.     

   sel<=sel+2   
     

.  ,   
   VARIABLE.

    VARIABLE:
-- Solution 2: using a VARIABLE (ok)
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY mux IS
PORT ( a, b, c, d, s0, s1: IN
STD_LOGIC;
y: OUT STD_LOGIC);
END mux;

ARCHITECTURE ok OF mux IS
BEGIN
PROCESS (a, b, c, d, s0, s1)
VARIABLE sel :
INTEGER RANGE 0 TO 3;
BEGIN
sel := 0;
IF (s0='1') THEN sel := sel + 1;
 END IF;
IF (s1='1') THEN sel := sel + 2;
END IF;
CASE sel IS
WHEN 0 => y<=a;
WHEN 1 => y<=b;
WHEN 2 => y<=c;
WHEN 3 => y<=d;
END CASE;
END PROCESS;
END ok;
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 DFF   SIGNAL

    DFF:

   PORT  
SIGNAL.

    
q<=d  qbar<=NOT q  ,  

       
  PROCESS.  

   qbar,      q 
  .   qbar  

      q.  
   qbar    
 ,      

 .
---- Solution 1: not OK -----------
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY dff IS
PORT ( d, clk: IN STD_LOGIC;
q: BUFFER STD_LOGIC;
qbar: OUT STD_LOGIC);
END dff;

ARCHITECTURE not_ok OF dff IS
BEGIN
PROCESS (clk)
BEGIN
IF (clk'EVENT AND clk='1') THEN
q <= d;
qbar <= NOT q;
END IF;
END PROCESS;
END not_ok;

     
qbar  <=  NOT  q,    PROCESS,   

   .
---- Solution 2: OK --------------
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY dff IS
PORT ( d, clk: IN STD_LOGIC;
q: BUFFER STD_LOGIC;
qbar: OUT STD_LOGIC);
END dff;

ARCHITECTURE ok OF dff IS
BEGIN
PROCESS (clk)
BEGIN

IF (clk'EVENT AND clk='1') THEN
q <= d;
END IF;
END PROCESS;
qbar <= NOT q;
END ok;

  

    
      6:

    count1  
SIGNAL     count2   
VARIABLE.      

    :
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY freq_divider IS
PORT ( clk : IN STD_LOGIC;
out1, out2 : BUFFER STD_LOGIC);
END freq_divider;

ARCHITECTURE example OF freq_divider
IS
SIGNAL count1 :
INTEGER RANGE 0 TO 7;
BEGIN
PROCESS (clk)
VARIABLE count2 :
INTEGER RANGE 0 TO 7;
BEGIN
IF (clk'EVENT AND clk='1') THEN
count1 <= count1 + 1;
count2 := count2 + 1;
IF (count1 = ? ) THEN
out1 <= NOT out1;
count1 <= 0;
END IF;
IF (count2 = ? ) THEN
out2 <= NOT out2;
count2 := 0;
END IF;
END IF;
END PROCESS;
END example;

    

     
     flip-flops

     
.     
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    , 

     
    

.
 SIGNAL   flip-flop 

       
 .     

  .   
  ,    

   PROCESS,  FUNCTION  
PROCEDURE (    

 IF signal’EVENT…   WAIT UNTIL…
 VARIABLE,    
 flip-flops       

 PROCESS (  FUNCTION  PROCEDURE).
      VARIABLE 

   ,   
      (   
  ),    

 flip-flops.  VARIABLE 
   

     .
  ,  ,

 output1  output2    
 (    flip-flops),   
      (clk):

PROCESS (clk)
BEGIN
IF (clk'EVENT AND clk='1') THEN
output1 <= temp; -- output1 stored
output2 <= a; -- output2 stored
END IF;
END PROCESS;

  ,   output1
  (  output2    

):
PROCESS (clk)
BEGIN
IF (clk'EVENT AND clk='1') THEN
output1 <= temp; -- output1 stored
END IF;
output2 <= a; -- output2 not stored
END PROCESS;

  ,  
temp     x (

):
PROCESS (clk)
VARIABLE temp: BIT;
BEGIN
IF (clk'EVENT AND clk='1') THEN
temp <= a;
END IF;
x <= temp;
-- temp causes x to be stored
END PROCESS;

 DFF    FF

   
     DFF:

    
 SIGNAL,    

    FFs:
-- Solution 1: Two DFFs
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY dff IS
PORT ( d, clk: IN STD_LOGIC;
q: BUFFER STD_LOGIC;
qbar: OUT STD_LOGIC);
END dff;

ARCHITECTURE two_dff OF dff IS
BEGIN
PROCESS (clk)
BEGIN
IF (clk'EVENT AND clk='1') THEN
q <= d;
-- generates a register
qbar <= NOT d;
-- generates a register
END IF;
END PROCESS;
END two_dff;

     
   :

  ,    
   ,   

:
-- Solution 2: One DFF
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY dff IS
PORT ( d, clk: IN STD_LOGIC;
q: BUFFER STD_LOGIC;
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qbar: OUT STD_LOGIC);
END dff;

ARCHITECTURE one_dff OF dff IS
BEGIN
PROCESS (clk)
BEGIN
IF (clk'EVENT AND clk='1') THEN
q <= d; -- generates a register
END IF;
END PROCESS;
qbar <= NOT q;
-- uses logic gate (no register)
END one_dff;

      
   ,  :

     
   CPLD/FPGAs,   

 q  qbar    pins 
,  o  fitter  (place  &  route)     

    FFs   .
      

.    fitter (place & route)
    ,  

      
 .

. VHDL  

    E. O. Hwang, “Digital Logic
and Microprocessor Design withVHDL”.

Latches and Flip-Flops

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY Clockdiv IS PORT (
Clk25Mhz: IN STD_LOGIC;
Clk: OUT STD_LOGIC);
END Clockdiv;
ARCHITECTURE Behavior OF Clockdiv IS
CONSTANT max: INTEGER := 25000000;
CONSTANT half: INTEGER := max/2;
SIGNAL count: INTEGER RANGE 0 TO max;
BEGIN
PROCESS
BEGIN
WAIT UNTIL Clk25Mhz'EVENT and Clk25Mhz =
'1';
IF count < max THEN
count <= count + 1;
ELSE

count <= 0;
END IF;
IF count < half THEN
Clk <= '0';
ELSE
Clk <= '1';
END IF;
END PROCESS;
END Behavior;

Code. VHDL behavioral description of a clock
divider circuit.


