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Clocked SR latch
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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/acUyxpovo reset 1
enable
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OEeTIKOC TOAUOC

XPOVIONOC

ApvnTikdc TaAog
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XPOVIONOC

OEeTIKOC TOAUOC ApvnTikdc TaAog
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OEeTIKOC TOAUOC

APVNTIKN 0KUN
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[TivaKa¢ KOTaoTAOEWV

Apxikl  Eicodocg ETrouevn "E€odog

A B X A B Y
0 O 0 0 O 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
0 1 1 0 0
1 0 0 O 1
1 1 1 0 0



AlQypOuUa KATAOTAOEWV

on/\ N
10

> 0/1 Q
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AlQypOuUa KATAOTAOEWV

o)\ %
10

0/1 Q
1/0
> 1/0

6-20



AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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> 0/1 Q
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV
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> 0/1 Q
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AlQypOuUa KATAOTAOEWV
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AlQypOuUa KATAOTAOEWV

o)\ %

> 0/1 Q
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AlQypOuUa KATAOTAOEWV

010/\ [\ /0

> 0/1 Q
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AlQypOuUa KATAOTAOEWV
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> 0/1 Q
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AlQypOuUa KATAOTAOEWV

o)\ %

> /1 Q
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AlQypOuUa KATAOTAOEWV

o)\ %
10

0/1 Q
1/0
> 1/0

6-30



[Tivakeg dlEyepong

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

0 0 0 0

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

Q)  OQ(t+1) Q) Q(ttl)

0 0 0 0

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

K
X
X
1
0
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2. xeodiaon pe D latches

Apxikn  Eiocodoc¢ Emouevn Eiocodol D
A B X A B DADB Y
0 0 0 0 1 0 1 0
0 0 1 0 O 0 O 0
0 1 0 1 1 1 1 1
0 1 1 0 0 0
1 0 0 1 1 1
0 1 0 0 0
1 0 0 O 0 O 1
1 1 1 1 1 1 0




DA ( BX
00 01 11 10

Y BX
N\, 00 01 11 10
DB
BX ;
N\, 00 01 11 10 o o o |1
Ol 1 o [o |1 111 o |o |1
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DA  BX
N 00 01 11 10
Ol o 0 1 1
11 1 1 1 0
75 \BX 00 01 11
A 10
O] 1 0 0 1
11 1 0 1 0

DA=AB'+AX+AB

00 01 11 10
0 0 0 1
1 0 0 1
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DA=AB'+AX+AB
DB=B'X'+AX'+ABX

DA  BX
N 00 01 11 10
Ol o 0 1 1
11 1 1 1 0
75 \BX 00 01 11 10
A
O] 1 0 0 1
11 1 0 1 0

00 01 11 10
0 0 0 1
1 0 0 1
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DA  BX
N 00 01 11 10
Ol o 0 1 1
11 1 1 1 0
75 \BX 00 01 11 10
A
O] 1 0 0 1
11 1 0 1 0

DA=AB'+AX+AB
DB=B'X'+A'X'+ABX
Y=AX+BX

10
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[Tivakeg dlEyepong

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

0 0 0 0

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

Q)  OQ(t+1) Q) Q(ttl)

0 0 0 0

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

K
X
X
1
0
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2. xeodiaon pe JK latches

Q) Q(t+1)

0 0
0 |
1 0
1 1

J
0
|
X
X

K
X
X
1
0

Apxikn  Eiocodoc¢ ETrouevn Eioo60|. JK

A B X A B JA KA JB KB

0 O 0 0 1 0O X 1 X

0 0 1 0 O 0 X 0 X

0 1 0 1 1 1T X X 0

0 1 1 0 1 X X 1
0 0 1 X 0 1 X
0 1 0 X 0 0 X
1 0 0 O X 1 X 1
1 1 1 1 X 0 X 0

D
(98)
o0




11 10
X X
1 0
11 10
1 0
0 1
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N 00 01 11 10
Ol o 0 1 1
1l X | X | X | X
JA=B
" \BX 00 01 11 10
A
O] 1 0 X | X
11 1 0 X | X

BX 00 01 11 10

A

Ol X | X | X | X

11 0 0 1 0
)

58X 1 11 1

N 00 0 0

Ol x | X 1 0

1l X | X |0 1
KB=A'X+AX’




AlQypauua KAOTAOTAOEWYV one-hot

on/\ %
0

> 0/1
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2.Xediaon one-hot

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

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

DA=BX
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2.Xediaon one-hot

ApXIKN ETrouevn
ABCD X ABCD
0001 O 0 00 1 DA=BX
0001 1 0 100 DB=DX
0010 O 0 00 1
0010 1 0 010
0100 O 0 00 1
0100 1 1 000
1 000 O 0 00 1
1 000 1 0 010
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2.Xediaon one-hot

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

DA=BX
DB=DX

DC=CX+AX
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2.Xediaon one-hot

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

DA=BX
DB=DX

DC=(C+A)X
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2.Xediaon one-hot

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

DA=BX
DB=DX
DC=(C+A)X

DD=AX"+BX
+CX'+DX
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2.Xediaon one-hot

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

DA=BX
DB=DX
DC=(C+A)X

DD=X
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AlQypauua KOTAOTAOEWY one-cold
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2.Xediaon one-cold

ApPXIKN ETrouevn
ABCD X ABCD
1 110 O 1110

10 1 011
1 0 7 0 110

0 1 1 1
0 1 0 10
0 1 1 0 1
0 1 0 1 10
0 1~ 1 1 1
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2.Xediaon one-cold

ApPXIKN ETrouevn
ABCD X ABCD
1 110 O 1110

10 1 011
1 0 7 0 110

0 1 1 1 0 1
0 1 0 10
0 1 1 0 1
0 1 0 1 10
0 1~ 1 1 10 1

DA=B+X
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2.Xediaon one-cold

ApPXIKN ETrouevn
ABCD X ABCD
1 110 O 1110

10 1 011
1 0 7 0 110

0 1 1 1
0 1 0 10
0 1 1 0 1
0 1 0 1 10
0 1~ 1 1 1

DA=B+X
DB=D+X’

6-52



2.Xediaon one-cold

ApPXIKN ETrouevn
ABCD X ABCD
1 110 O 1110

10 1 011
1 0 7 0 110

0 1 1 1
0 1 0 10
0 1 1 0 1
0 1 0 1 10
0 1~ 1 1 1

DA=B+X
DB=D+X’

DC=(C+X’)
(A+X)
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2.Xediaon one-cold

ApPXIKN ETrouevn
ABCD X ABCD
1 110 O 1110

10 1 011
1 0 7 0 110

0 1 1 1
0 1 0 10
0 1 1 0 1
0 1 0 1 10
0 1~ 1 1 1

DA=B+X
DB=D+X’
DC=X"+AC
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2.Xediaon one-cold

ApXIKN ETropevn
ABCD X ABCD
1 110 O 1 110

10 1 O
1 0 1 0 110

0 - 1 1
0 - 0 10
0 - 1 0 1
0 1 1 0 1 10
0 1~ 1 1 1

DA=B+X
DB=D+X’
DC=X"+AC
DD=X
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