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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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Types of sequential elements

» Latches
> level-sensitive
» edge triggered

“*Flip-flops

€ With synchronous/asynchronous reset
or enable
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Positive pulse

Timing

Negative pulse
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Timing

Positive pulse Negative pulse
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Positive pulse

Negative edge
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State table

Input Next Output

Current

A B

A B
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State diagram
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State diagram
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State diagram
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State diagram
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State diagram
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State diagram
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State diagram
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State diagram
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Excitation tables

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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Design with D latches

Input Next Inputs D

Current

A B

Y

DA DB

A B

0

0

0

1

0
0

1
1

0
0

0

0

0

0

0

1

0

0

0

1
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DA ( BX

N\, 00 01 11 10
Ol o 0 1 0
11o |1 |1 o
Y (BX
N, 00 01 11 10
DB
BX .
N\, 00 01 11 10 o lo |o |1
Olo |1 |1 |0 111 o o |1
110 o o |o

6-33




DA . BX DA=AX+BX
N\, 00 01 11 10
Ol o 0 1 0
11o |1 |1 o
Y (BX
N, 00 01 11 10
DB
BX .
N\, 00 01 11 10 o lo |o |1
Olo |1 |1 |0 111 o o |1
110 o o |o

6-34




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

DA=AX+BX
DB=AX

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

DA=AX+BX

DB=AX
Y=AX+BX
BX

00 01 11 10
Ol o 0 0 1
1] 1 0 0 1
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Excitation tables

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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Current
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N 00 01 11 10
Ol o 0 1 0
1l X | X | X | X
" BX 00 01 11
h 10
O] o g X | X
11 0 0 X | X

BX

00 01 11 10
Ol X | X | X | X
1] 1 0 0 1
BX

00 01 11 10
Ol x | X | o 1
11 X | X 1 1
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N 00 01 11 10
Ol o 0 1 0
1l X | X | X | X
JA=BX
" BX 00 01 11
h 10
O] o g X | X
11 0 0 X | X

BX
00 01 11 10
Ol X | X | X | X
1] 1 0 0 1
KA=X'
BX
00 01 11 10
Ol x | X | o 1
11 X | X 1 1
KB=A+X’ 640




State diagram for one-hot design
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One-hot design

Current Next
ABCD X ABCD
O 001 O O 00 1
O 001 1 0O 100
0 010 O O 00 1
O 010 1 0 010
O 100 O O 00 1
O 100 1 1 000
1 000 O O 00 1
1 000 1 0 010
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One-hot design

Current Next
ABCD X ABCD
0001 O 0 00 1 DA=BX
0001 1 0100
0010 O 0 00 1
0010 1 0 010
0100 0O 0 00 1
0100 1 1 000
1000 O 0 00 1
1 000 1 0 010
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One-hot design

Current Next
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

6-44



One-hot design

Current Next

ABCD X ABCD

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

0100 0O 0 00 1

0100 1 1 000

1000 O 0 00 1

1 000 1 0 010
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One-hot design

Current Next

ABCD X ABCD

0001 O 0 00 1 DA=BX
0001 1 0 100 DB=DX
0010 O 0 00 1 DC=(C+A)X
0010 1 0 010

0100 0O 0 00 1

0100 1 1 000

1000 O 0 00 1

1 000 1 0 010
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One-hot design

Current Next
ABCD X ABCD
O 001 O O 00 1
O 001 1 0O 100
0 010 O O 00 1
O 010 1 0 010
O 100 O O 00 1
O 100 1 1 000
1 000 O O 00 1
1 000 1 0 010

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

DD=AX"+BX
+CX'+DX
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One-hot design

Current Next

ABCD X ABCD

0001 O 0 00 1 DA=BX
0001 1 0 100 DB=DX
0010 O 0 00 1 DC=(C+A)X
0010 1 0 010 DD=X
0100 0O 0 00 1

0100 1 1. 000

1 000 O 0 00 1

1 000 1 0010
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State diagram for one-cold design
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One-cold design

Current Next
ABCD X ABCD
1 110 O 1 110

10 1 01 1
10 - 0 110
1 0 1 1 0 1
0 - 0 10
0 1 1 0 1
0 1 7 0 1 10
0 1~ 1 1 10 1
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One-cold design

Current Next
ABCD X ABCD
1 110 O 1 110

10 1 01 1
10 - 0 110
1 0 1 1 0 1
0 - 0 10
0 1 1 0 1
0 1 7 0 1 10
0 1~ 1 1 10 1

DA=B+X
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One-cold design

Current Next

ABCD X ABCD

1 110 O 1 110 DAZBAX’
10 1 01 1 DB=D+X’
10 - 0 110

1 0 1 1 0 1

0 - 0 10

0 1 1 0 1

0 1 7 0 1 10

0 1~ 1 1 10 1
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One-cold design

Current Next
ABCD X ABCD
1 110 O 1 110

10 1 01 1
10 - 0 110
1 0 1 1 0 1
0 - 0 10
0 1 1 0 1
0 1 7 0 1 10
0 1~ 1 1 10 1

DA=B+X
DB=D+X’

DC=(C+X’)
(A+X)
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One-cold design

Current Next

ABCD X ABCD

1110 O 1 110 DA=B+X
10 1 01 1 DB=D+X’
[ S e DC=X+AC
1 0 1 1 1 0 1

0 - 0 10

0 1 1 0 1

0 11 0 1 0

0 11 1 1 10 1
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One-cold design

Current Next
ABCD X ABCD
1110 O 1110

10 1 011
10 - 0 110
1 0~ 1 10 1
0 - 0 10
0 1 1 0 1
0 11 0 1 10
0 1 7 1 1 101

DA=B+X
DB=D+X’
DC=X"+AC
DD=X
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