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Today

» Sequential logic design (Ch 5)
» Counters, shift register circuits (Ch 6)
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A slightly more complicated sequential design

» System description:

— Design a circuit that transitions between states in Gray-code order
(000,001,011,010,110,111,101,100,...) using J-K flip-flops
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A slightly more complicated sequential design

» System description:

— Design a circuit that transitions between states in Gray-code order
(000,001,011,010,110,111,101,100,...) using J-K flip-flops

« State diagram:

 All states are used, so 3 FFs are needed
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A slightly more complicated sequential design

 State table:

Present Next
State State
000 001

001 011

010 110

(0oL
Q1)

011 010

100 000

101 100

(010

110 111

(00
€«
QoD
€«
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A slightly more complicated sequential design

* Input functions for J-K

J
BC A
A\ 00 01 11 10
010
1
J
BC B
A\ 00 01 11 10
010
1
BC Jo
A\ 00 01 11 10
0|1
1
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Present Next
KA State State
BC 000 001
00 01 11 10 001 011
0| X 010 110
1 011 010
100 000
101 100
BC KB 110 111
00 01 11 10 111 101
0| X
1 J-K operation:
0—2-0
1
BC KC O—)x l
00 01 11 10 X
l—)l 0
0| X
. 1% 1
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A slightly more complicated sequential design

* Input functions for J-K

BC Ja

00 01 11 10
0]0]101]0]1
1 X XXX

A

‘]B
BC
00 01 11 10
0jO0|1|X
11010 XX

A

X

BC Jo
00 01 11 10

ol1IX]IX]O0O
110 X]IX]1

A
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Present
State

Next
State

000

001

01 11 10

001

011

010

110

o
o
o

011

010

100

000

101

100

110

111

111

101

01 11 10

o
| —
X
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J-K operation:

0

0——0

X
1
X

0——1

1——0

X
1

X

1——1
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A slightly more complicated sequential design

* Input functions for J-K

J
BC A
00 01 11 10

0]0J0]0]}i1
1 XXX X

J
BC B
00 01 11 10

o]ol1]X]|X
1lolo]x]|Xx

A

A

BC Jo
A\ﬁ)mnlo
O LLIXIX]O

1o x[x]1)
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A

A

BC

00 01 11
o |IX]| X ] X
1 la)fo]o

BC

00 01 11

Ka

Present
State

Next
State

000

001

10

001

011

010

110

o

011

010

Kg

100

000

101

100

110

111

0|X

11X

X]0

111

101

BC

00 01 11

Ke

0|X

01l

10

140
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J-K operation:

0

0——0

X
1
X

0——1

1——0

X
1

X

1——1
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A slightly more complicated sequential design

* Input functions for J-K

J,=BC’
BC
00 01 11 10

0]0J0]0]}i1
1 XXX X

Jg=A'C
00 01 11 10

o]ol1]X]|X
1lolo]x]|Xx

A

o Jc=AB+AB
A 00 01 11 10
>L1 xJ[xTo

1o x[x]1)
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A

A

BC

o |IX]| X ] X
1 la)fo]o

00 01 11 10

K,=B'C’
00 01 11 10

Present
State

Next
State

000

001

001

011

X

010

110

0

011

010

Kg=AC

100

000

101

100

110

111

X

X]0

X

111

101

0

0

B(!(c:AB’*'A’B
00 01 11 10

0
1

X

01l

140

X
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J-K operation:

0

0——0

X
1
X

0——1

1——0

X
1

X

1——1
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A slightly more complicated sequential design

* Input functions for J-K
J,=BC’ Jg=A'C Jc=A'B'+AB
K,=B'C’ Kg=AC Kc=AB'+A'B

* Logic Diagram:

_)—J Q _)—J Q ) I Q
_\_ _\- ’
J J

Clock
4 4
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A slightly more complicated sequential design

* Verify correctness of logic diagram:

A
D
=

J

Clock

L

B
Dl
—

J

=
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A slightly more complicated sequential design

* Verify correctness of logic diagram:

e

Clock

L

O o
—
)

(oNe)

=
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A slightly more complicated sequential design

* Verify correctness of logic diagram:

or = [lore

o J 1 J 1

e

x
Q

Clock

=

i | [==] (=]
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A slightly more complicated sequential design

* Verify correctness of logic diagram:

<@
L
L
@
]— 0 A L 0 B C
_)0— J 0 . J 0Q Q
Q S 1 S 0 1
\ K Q! O 1 \ K Q’ Q1 O
o Jol 1 J1 1
Clock
4 &
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A slightly more complicated sequential design

* Verify correctness of logic diagram:

L 4
L
@

0 013 Q A 0 ] Q B 0 C
—)0 1 0 0 1

> P

K 1 O 1 K 1 1 O
. J\ou Q . )1 Q - Q
Clock
4 &
1251 0—2-0 1—250
101——100

CpE358/CS381 Copyright ©2004
Switching Theory and Logical Design Stevens Institute of Technology 1-327

Summer-1 2004 All rights reserved



Problem 5-20

» Design a sequential circuit specified by the state diagram below using T flip-flops
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Problem 5-20

» Design a sequential circuit specified by the state diagram below using T flip-flops

5 states -> 3 FFs will be needed
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» Create the state table:

Problem 5-20

Present Input Next Output
State State
000 0 011 0
000 1 100 1
001 0 001 0
001 1 100 1
010 0 010 0
010 1 000 1
011 0 001 0
011 1 010 1
100 0 010 0
100 1 011 0
CpE358/CS381
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O > X%

Problem 5-20

Present Input Next Output
State X State
000 0 011 0
» Switching characteristics of a T FF: 000 ! 100 !
0 0 N0 001 0 001 0
1 001 1 100 1
0——>1 010 0 010 0
1 1 0 010 1 000 1
0 011 0 001 0
_ _ _ 1—>1 011 1 010 1
* Derive input functions for FFs: 100 5 010 0
100 1 011 0
X X
B B
C C
@ @
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Problem 5-20

Present Input Next Output
State X State
. )OO . /0 011 0
e Input functions for FFs: et 100 !
L~ 001 0 001 0
001 1 100 1
010 0 010 0
010 1 000 1
011 0 001 0
011 1 010 1
100 0 010 0
100 1 011 0
A B C Input A B C Input A B C Input
X X X
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 0 0 0 1 0
0 0 1 1 0 0 1 1 0 0 1 1
0 1 0 0 0 1 0 0 0 1 0 0
0 1 0 1 0 1 0 1 0 1 0 1
0 1 1 0 0 1 1 0 0 1 1 0
0 1 1 1 0 1 1 1 0 1 1 1
1 0 0 0 1 0 0 0 1 0 0 0
1 0 0 1 1 0 0 1 1 0 0 1
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Problem 5-20

Present Input Next Output
State X State
000 0 » Ol 0
* Input functions for FFs: 000 y, 10 1
001 // 0 / 001 0
/901/ / 104 1
d 010 / 0 010 0
010 /, 1 000 1
(y( 0 001 0
/ 011 1 010 1
d 100 0 010 0
100 1 011 0
A B C Input Next‘/ A B C Input Next A B C Input $xt
X A X B X
0 0 0 0 0 0 0 0 0 1‘ 0 0 0 0 1
0 0 0 1 1 0 0 0 1 0 0 0 0 1 0
0 0 1 0 0 0 0 1 0 0 0 0 1 0 1
0 0 1 1 1 0 0 1 1 0 0 0 1 1 0
0 1 0 0 0 0 1 0 0 1 0 1 0 0 0
0 1 0 1 0 0 1 0 1 0 0 1 0 1 0
0 1 1 0 0 0 1 1 0 0 0 1 1 0 1
0 1 1 1 0 0 1 1 1 1 0 1 1 1 0
1 0 0 0 0 1 0 0 0 1 1 0 0 0 0
1 0 0 1 0 1 0 0 1 1 1 0 0 1 1
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Problem 5-20

Present Input Next Output
State X State
000 011
* Input functions for FFs: 000 100
0—> 50 001 001
001 100
1
0 1 010 010

110\010

\011
0

1—2 51

\

PR lPrP]J]O]J]O|J|]O|J]O|]O|O|O|O

Hn—-on—-naoooon—-ﬁ

x

/(-)
olo|lr|lo|lr]|olr|lo]lr]o

o|lr|lo|lr|lo|lo]lo|r || S

B /V Input Next /(A / A B / C Input Vext \%
/ X A y f / X B

o| o 0 N o| 6] o 0 1 o| of o 0 1

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

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

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

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

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

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

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

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

0 0 1 0 1 1 0 0 1 1 1 0 0 1 1
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Problem 5-20

Present Input Next Output
State X State

000 0 011 0

* Input functions for FFs: 000 ! 100 !

001 0 001 0

001 1 100 1

010 0 010 0

010 1 000 1

011 0 001 0

011 1 010 1

100 0 010 0

100 1 011 0
A B C Input Next Ta A B C Input Next Ts A B C Input Next Tc

X A X B X C
0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1
0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 1 0 0
0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1
0 0 1 1 1 1 0 0 1 1 0 0 0 0 1 1 0 0
0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0
0 1 0 1 0 0 0 1 0 1 0 1 0 1 0 1 0 0
0 1 1 0 0 0 0 1 1 0 0 1 0 1 1 0 1 1
0 1 1 1 0 0 0 1 1 1 1 0 0 1 1 1 0 0
1 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 1
1 0 0 1 0 1 1 0 0 1 1 1 1 0 0 1 1 0
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Problem 5-20
A B C Input Next Ta A B C Input Next Tg A B C Input Next Tc
X A X B X C
0 0 0 0 0 0 0 0 0 0 1 ’ 1 0 0 0 0 1 1
0 0 0 1 1 1 0 0 0 1 0 / 0 0 0 0 1 0 / 0
0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1
0 0 1 1 1 / 1 0 0 1 1 0 0 0 0 1 1 0 0
0 1 0 0 O/ 0 0 1 0 0 1 / 0 0 1 0 0 0 / 0
0 1 0 1 ﬁ 0 0 1 0 1 f 1 0 1 0 1 y 0
0 1 1 0 / 0 0 0 1 1 0 /O 1 0 1 1 0 /l 1
0 1 1 1 / 0 0 0 1 1 1 / 1 0 0 1 1 1 / 0 0
1 0 0 0 / 0 1 1 0 0 0 / 1 1 1 0 0 0 / 0 1
1 0 0 1 [ 0 1 1 0 0 1 1 1 1 0 0 1 1 0
/
[ &c [ s [ &
OOJ 01 11 10 OO‘ 01 11 10 0¢ 01 11 10

00 0 00 1 00 1

01 01 01
XA XA XA

11 11 11

10 10 10

TA TB TC
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Tc

Next

Input

X

BC

10

11

01

00

Cc

00

01

11

10

XA

Tg

Next

Input

X

Problem 5-20

Cc

BC

10

11

01

00

00

01

11

10

XA

Ta

Next

Input

X

C

BC

10

11

01

00

00

01

11

10

XA
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Tc

Next

Input

X

BC

10

11

01

00

Cc

00

01

11

10

XA

Tg

Next

Input

X

Problem 5-20

Cc

BC

10

11

01

00

00

01

11

10

XA

Ta

Next

Input

X

C

BC

10

11

01

00

00

01

11

10

XA
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Tc

Next

Input

X

BC

10

11

01

00

Cc

00

01

11

10

XA

Tg

Next

Input

X

Problem 5-20

Cc

BC

10

11

01

00

00

01

11

10

XA

Ta

Next

Input

X

C

BC

10

11

01

00

00

01

11

10

XA
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Tc

Next

Input

X

BC

10

11

01

00

Cc

00

01

11

10

XA

Tg

Next

Input

X

Problem 5-20

Cc

BC

10

11

01

00

00

01

11

10

XA

Ta

Next

Input

X

C

BC

10

11

01

00

00

01

11

XA
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Tc

Next

Input

X

BC

10

11

01

00

Cc

00

01

11

10

XA

Tg

Next

Input

X

Problem 5-20

Cc

BC

10

11

01

00

00

01

11

10

XA

Ta

Next

Input

X

C

BC

10

11

01

00

00

01

11

XA
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Problem 5-20

Slo|lx|x]|o
(6]
T
dl | x| x|«
% O
WC @
-
S|l x|x|o
-
3 x
£ 8|w|olo]o
O o|ld| H| O
Slo|d|l =
o0
<
X
<
o
o S| S |PX ] X} ©
T
ﬂlXXl__
%
m @)
2 @
-
Slollx| x|l o
-
>
g x
£ o
AR GRS K
(@]
o|la|l«|o
Slo|dl =
o0
< B
< mOvAXO
T
-
- al|l o |IPX| X|| ©
x
v < O
Z m
MOXX1~
5
o X
= o
00111h
O
o|lal|l«|o
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< B
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Problem 5-20

Slo|lx|x]|o
(6]
T
dl | x| x|«
% O
WC @
-
S|l x|x|o
-
3 x
£ 8|w|olo]o
O o|ld| H| O
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<
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Problem 5-20

Slo|lx|x]|o
(6]
T
=0
% O
3 O o
pd = =
slHl x|l x<|o
-
3 x
£ Blld|olo]|o
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O o|ld| H| O
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o0
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x
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" Slolfx]| X))o
T
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%
m @)
2 @
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-
>
o X
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O <
2 2
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5
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00111&
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Problem 5-20

Slo|lx|x]|o
(6]
T
=0
% O
3 O o
pd = =
slHl x|l x<|o
-
3 x
£ Blld|olo]|o
—
O o|ld| H| O
Slo|d|l =
o0
<
x
<
" Slolfx]| X))o
T
ﬂlXXlﬁ_
%
m @)
2 @
Slo|x]| x|
-
>
o X
= o
£ Sl—[l=) Il ©
(@]
o|la|l«|o
Slo|dl =
o0
< B
< mOvAXO
T
—
2 al|l o |IPX| X|| ©
O <
2 2
MOXX1~
5
o X
= o
00111&
O
o|lal|l«|o
Slo|dl =
o0
< B

BC + X'C + X’A'B’

Te =

Ty =A+BC+xBC

To=A+XB’
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Problem 5-20

To=A+XB’

Clock
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Problem 5-20

Tg=A+BC+xBC’

B

Clock
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Problem 5-20

T =BC +xC + xX'A'B’

Clock
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Problem 5-20

Tpo=A+XB Tg=A+BC+xBC’ T =BC +XxC + X'A'B’

Clock o ¢
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Course Roadmap

Logic Circuits
with gates
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Course Roadmap

Logic Circuits

Combinatorial .
with gates

Circuits
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Course Roadmap

Logic Circuits

Combinatorial .
with gates

Circuits
Logic Circuits
with memory
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Course Roadmap

Logic Circuits

Combinatorial .
with gates

Circuits
Logic Circuits
Sequential with memory
Circuits
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Course Roadmap

Combinatorial Logic Circuits

Circuits with gates
Logic Circuits
Sequential with memory
Circuits
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Course Roadmap

Combinatorial Logic Circuits

Circuits with gates
Logic Circuits

Sequential with memory

Circuits :

Registers and
Counters
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Flip-flops vs. Generic Registers

JO SIO QO Jl Sll Ql D0 SIO QO Dl Sll Ql
3 SQ 3 SQ D SQ D SQ
Clk, Clk,
K K ’
,C,: Q C Q ,(,: Q C Q
Clk, 1 Clk, I
Ko Co Qo Ky Ci Qf Co Qo C, Qi
CpE358/CS381 Copyright ©2004
Switching Theory and Logical Design Stevens Institute of Technology

Summer-1 2004 All rights reserved 1-3%6



Flip-flops vs. Generic Registers

‘]O SIO QO ‘]1 Sll Ql DO SIO QO Dl Sll Ql
J é Q J é Q D Jé Q D é Q
Clk, Clk,
« CQ « CQ, CQ CQ
Clk, e 1 Clk, i 1
Ko Co Qo K Cp Q C, Q'  C Q

Do Qo Dy Q. D Q, Dj Qs Dy Qs Ds Qs Dg Qs

C C C C C
o o o o o o
&l ] ] ] I I |
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Shift Register

S D Q D Q D Q D Q D Q D Q D Q So
[D [D [D [D [D [D |f>
Clk
Present State Input Next State Output

QO Ql QZ Q3 Q4 Q5 Q6 SI SICDOQl QZ QS Q4 Q5 SO:Q6

S, N-bitSIR Sof- SISO Register
7 Serial-in, Serial-out

CpE358/CS381 Copyright ©2004
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Shift Register Variants

Q(I) Qs Q% Q?i Q? Qs
S D QLD QL QLD QL 0

AL

>

T
(

CpE358/CS381
Switching Theory and Logical Design
Summer-1 2004

QuQ1Q; Qn-1
| 11 I

S, N-bitS/R S,
T

Copyright ©2004
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Shift Register Variants

Do Q? D, Qll D, Q% Ds Q? D, Qf Ds Q? Ds QEI;
—> —> —> —> > —> —>
Clk e ® o & ® &
DODl D2 DN-l
L1 |
i PIPO Register
- r N-bit S/R Parallel-in, Parallel-out
I 1 1 |
QOQlQZ QN—l
CpE358/CS381 Copyright ©2004
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U0

nx

- O
o

Shift Register Variants

Summer-1 2004

All rights reserved

D Q = SO
@
DO Dl D2 DN-l
| 1 | I
/s - -
s> N-bit SR So SerlaI/Par_aIIeI Register
T Parallel-in/Serial-in,
1 | | | Parallel-out/Serial-out
QOQlQZ QN—l
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Shift Register Variants

—Joo —Joo
—o1 —{o1
—110 D Q —{10 D Q

11 —1> 11 —D

Clock ®

S,S, & S;| S,| Operation
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Shift Register Variants

00 00
—o1 —01
—10 D Q —10
—11 > —11
A A
Clock o
S,S, é
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Operation

No Change

1-363



Shift Register Variants

—100 —=100
S 01 3 01
IL 11 D Q 10 D Qe Sor
—11 —1> —111 —1>
A A
Clock o
S,S, & S;| S,| Operation
0 1 Shift right
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Shift Register Variants

—100 —=100
1 1
20 D Q4 10 D Q7
—11 —1> —11 —1>
A A
S
oL Sk
Clock o
S,S, & S;| S,| Operation
1 0 Shift left
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Shift Register Variants

Dy D,
—100 —1 00
01 01
11 —1> 11
A A
Clock ®
S,S, '
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D ———
>
S;| S,| Operation
1 1 Parallel load
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Shift Register Variants

Dy D,
00 00
S 01 01
IL 10 D Q¥ 10 D —+———Sor
11 —]> 11 >
A A
S ®
oL Sk
®
Clock o
S,S, & S;| S,| Operation
0 0 No Change
Qo Q, 0 1 Shift right
1 0 Shift left
1 1 Parallel load
CpE358/CS381 Copyright ©2004

Switching Theory and Logical Design
Summer-1 2004

Stevens Institute of Technology
All rights reserved

1-367



Shift Register Variants

vy '

Do Dy Dyt
—P»IS.L Sor[»
4+1S,.  Universal SRrI€
—»|s,S, N-bit register
—»| [
Qo Q1 Qn-1 S;| S,| Operation
¢ ¢ ¢ 0 0 No Change
0 1 Shift right
1 0 Shift left
1 1 Parallel load
Swiehing Thory and Logcal Desir Stevens Imattte of Technology

Summer-1 2004 All rights reserved

1-368



Tandem S/Rs

« Serial registers

2N-bit S/R >

J—— i nl
Clock
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 Parallel registers

Tandem S/Rs

Clock =——e-

N-bit S/R
I

N-bit S/R
I

N-bit S/R
I
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3xN-bit Register
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Summary

» Sequential logic design (Ch 5)
» Counters, shift register circuits (Ch 6)
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Homework 9 — due in Class 11

 As always, show all work
* Problems 5-16, 5-17, 5-18, 5-19, 6-4

» Design a 3-bit Universal Shift Register using AND, OR, NOT, NAND or NOR
gates and D Flip-flops that implements the following functions

o | Function
Shift left
Shift right

Parallel load from top

PP |OCO|IOIW
R | O, |OJW

Parallel load from bottom

— The shift register has top and bottom D inputs and Q outputs, as well as right
and left shift-in inputs and shift-out outputs
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