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Clocked SR latch
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Clocked D latch
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Clocked JK latch
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Clocked T latch
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KaTtnyopie¢ akOAOUBIOKWY OTOIXEIWV

¢ Latches
> level-sensitive
» edge triggered

“*Flip-flops

€ Me ouyxpovo/acUyyxpovo reset n
enable
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[TivaKa¢ KOTaOTAOEWV

Apxikl Eicodoc¢ ETmouevn "ECodo¢g
A B X A B Y
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 O 1
0 1 1 1 1 0
1 0 0 0 0 1
1 0 1 1 0 0
1 1 0 0 0 1
1 1 1 1 0 0

6-18



AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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[Tivakeg dlEyepong

Q(t) Q(t+1) Q(t) Q(t+1)
0 0 0 0

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

Q(t) Q(t+1) Q(t) Q(t+1)
0 0 0 0

0 1 0 1
1 0 1 0
1 1 1 1
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AlQypOuUa KATAOTAOEWV
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2. xeodiaon pe D latches

Eicodo¢ Emmouyevn Eicodol D
A B

ApXIKN

Y

DA DB

A B

1

1
1

1
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DA ( BX
0]0) 01 11 10

Y BX
N 00 01 11 10
DB
BX
N 00 01 11 10 Olo |o o |1
Ol1 o o |1 111 |o o |1
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DA  BX DA=AB'+AX+AB

Y BX
N 00 01 11 10
DB
BX 0
N 00 01 11 10 o o |0 |1
Ol1 o |o |1 111 |o o |1
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DA  BX DA=AB'+AX+AB
00 01 11 10

Y BX
N 00 01 11 10
DB
BX
N 00 01 11 10 Ol o 0 0 1
0 1 ’ 0 0 1 1] 1 0 0 1
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DA  BX DA=AB'+AX+AB
A 00 01 11 10 DB=B'X'+AX'+ABX

Y BX

N 00 01 11 10
DB
BX
N 00 01 11 10 Olo |o o |1
01;'001 111 o o |1
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DA  BX DA=AB'+AX+AB
A 00 01 11 10 DB=B'X'+AX'+ABX

Y BX
N 00 01 11 10
DB
BX
N 00 01 11 10 Olo |o o |1
Ol1 o o |1 111 o o (1
|
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DA=AB'+AX+AB
DB=B'X'+AX'+ABX

Y=AX'+BX
BX

00 01 11 10
Ol o 0 0 1
1| 1 0 0 1
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[Tivakeg dlEyepong

Q(t) Q(t+1) Q(t) Q(t+1)
0 0 0 0

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

Q(t) Q(t+1) Q(t) Q(t+1)
0 0 0 0

0 1 0 1
1 0 1 0
1 1 1 1
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2. xeodiaon pe JK latches

ETopevn Eioo60|. JK

A B

Eicodo¢

ApXIKN

JA KA JB KB
0 X
0 X

A B
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1 X X 0
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BX

o0 01 11 10
0 0 1 1
X X X X
OO0 01 11 10
1 0 X X
1 0 X X

o0 01 11 10
X X X X
0 0 1 0
o0 01 11 10
X X 1 0
X X 0 1
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KA

JA ((BX BX
N 00 01 11 10 00 01 11 10
A
Ol o 0 1 1 O] x X X X
1l X | X | X | X 11 o 0 1 0
JA=B KA=BX
KB ny
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Alaypauua Kartaotaocswyv one-hot

1/0 /\ [\1/0
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2.Xediaon one-hot

ApXIKN ETrouevn
ABCD X ABCD
O 001 O O 100
0001 1 0 001
O 010 O 1 00O
O 010 1 0 010
0100 O 1 000
0100 1 0 010
1 000 O 0 001
1 000 1 1 00O
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2.Xediaon one-hot

APXIKN Etrouevn
ABCD X ABCD
0O 001 O 0 100 DA=CX+BX+AX
0 001 1 0 001
0 010 O 1 000
0 010 1 0 010
0 100 O 1 000
0 100 1 0 010
1 000 O 0 001
1 000 1 1 000
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2.Xediaon one-hot

APXIKN Etrouevn

ABCD X ABCD

O 001 O O 100 DA=CX+BX'+AX
0 001 1 0 0 01 DB=DX

O 010 O 1 00O

O 010 1 O 010

O 100 O 1 00O

O 100 1 O 010

1 000 O O 001

1 000 1 1 00O
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2.Xediaon one-hot

APXIKN Etrouevn

ABCD X ABCD

0001 O 0 100 DA=CX+BX+AX
0001 1 0 00 1 DB=DX
0010 O 1 0 0 0 DC=CX+BX
0010 1 0 010

0100 O 1 000

0 100 1 0 010

1 000 O 0 001

1 000 1 1 000
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2.Xediaon one-hot

ApXIKN ETrouevn
ABCD X ABCD
O 001 O O 100
0001 1 0 001
O 010 O 1 00O
O 010 1 0 010
0100 O 1 000
0100 1 0 010
1 000 O 0 001
1 000 1 1 00O

DA=CX'+BX'+AX
DB=DX’
DIO=09,€1=)
DD=DX+AX
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Alaypauua Kartaotaocswyv one-hot

1/0 /\ [\1/0
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2. Xediaon one-cold

ApXIKN ETrouevn
ABCD X ABCD
1 110 1 1 011
1 110 O 1 110
1 101 1 0 111
1 101 O 1 101
1 011 1 0 111
1 011 O 1 101
0 111 1 1 110
0111 O 0 111
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2. Xediaon one-cold

ApXIKN Emrouevn
ABCD X ABCD
1 110 O 1 0 1 1 DA=CX+BX+AX
1 110 1 1 110
1 101 O 0 111
1 101 1 1 101
1 011 O 0 111
1 011 1 1 101
0111 O 1 110
0111 1 0 111
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2. Xediaon one-cold

ApXIKN ETrouevn
ABCD X ABCD
1 110 O 1 0 1 1 DA=(C+X)(B+X)(A+X)
1 110 1 1 110
1 101 O 0 111
1 101 1 1 101
1 011 O 0 111
1 011 1 1 101
0111 O 1 110
0 111 1 0 111
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2. Xediaon one-cold

ApXIKN ETrouevn

ABCD X ABCD

1110 0 1 0 1 1 DA=(C+X)(B+X)A+X)
1110 1 1110 o °°
1101 0 0111

1101 1 1101

1011 0 0111

1011 1 1101

0111 O 1110

0111 1 0111
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2. Xediaon one-cold

ApXIKN ETrouevn

ABCD X ABCD

1110 O 1 0 1 1 DA=(C+)B+X)A+X)
1110 1 1110 o7
1101 O 0111

1101 1 1101

1011 0 0111

1011 1 1101

0111 0 1 110

0111 1 0111
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2. Xediaon one-cold

APXIKN Etrouevn

ABCD X ABCD

1 110 O 1 0 1 1 DAS(C+X)(B+X)(A+X)
1110 1 1 110 poeoxeBX

1 101 O 0O 111

1 101 1 1 101

1 011 O 0O 111

1 011 1 1 101

O 111 O 1 110

O 111 1 0O 111

6-57



2. Xediaon one-cold

APXIKN ETropevn

ABCD X ABCD

1 110 O 1 0 1 1 DA=(C+X)(B+X)(A+X)

DB=D+X

1 110 1 1 1 1 0 pc=c+x)B+X)
1 101 O 0 111

1 101 1 1 101

1 011 O O T Y |

1 011 1 1 101

0111 O 1 110

0111 1 0 111
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2. Xediaon one-cold

APXIKN ETropevn

ABCD X ABCD

1110 O 1 0 1 1 DAS(C+X)B+X)A+X)
DB=D+X

1 110 1 1 1 1 0 pc=c+x)B+X)

1101 O 0 1 1 1 DPb=DXAX

1101 1 1 101

1011 O 0111

1011 1 1 101

0111 O 1 110

0111 1 0 111
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2. Xediaon one-cold

ApXIKN ETrouevn
ABCD X ABCD
1 110 O 1 011
1 110 1 1 110
1 101 O 0 111
1 101 1 1 101
1 011 O 0 111
1 011 1 1 101
0111 O 1 110
0 111 1 0 111

DA=(C+X)(B+X)(A+X’)
DB=D+X
DC=(C+X")(B+X’)
DD=(D+X’)(A+X)
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