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Sequential and combinational circuits

Switching  system:

combinational

circuit which transforms the input
excitation to its corresponding output,
the input and output are all function of
time. The output is dependent only on
the present input conditions.

combinational circuit
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Sequential circuit: the system outputs are
dependent not only on the present input
conditions but also on the past history of the
system. The past history is usually regarded
states which obviously require memory devices
to remember their states.

sequential circuit
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X, ——® Combinational [———* Z,
logic
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Memory

clock

zift) = f (x{->=, t))

Synchronous and asynchronous

systems

e Synchronous sequential systems in which the
change of state takes place at discrete instants
of time defined by a synchronizing input called

the clock.

e Asynchronous sequential systems, the states
can change at any time as a function of input
changes, there is no external synchronization.




States

With continuous inputs, the input time functions
can be group into classes.

All time functions have the same effect on the
output at time t.

Practically, the number of classes is finite.

These classes are represented by the auxiliary
variables s; called states.

States summarize the effect of past inputs.
Make decision for present and future outputs.

Sequential Circuit Structure

Input X —— Output 2
H f mm—

Present states Q,




States machine

e The state machine is illustrated using state
diagram. A state diagram consists of circles which
present the states; and lines connecting the
circles that represent the transition of states.
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Mealy Machine

A state is represented by a circle

@ State 5,

Transitions between states are indicated
by directed lines connecting the circles

Omun©

For the present state S, if the next
input is x, the state will change to S,
and produce an output z




Mealy Machine
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Mealy Machine

What will the circuit behave if the input
sequence to the circuit is 0110107

Given the initial state is S, o)
Time 0 1 2 3 4 5 1/ Jon O
Present State (PS)| = ! . S
Input X 0 1 1 1 0 1 0 XJ _/J
Output Z . : ; A7
Mext State (NS} !
L rirrvrrt
pPs | S, S, R 8z A
X S ) EEEEEN
Z
NS
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Mealy Machine

What will the circuit behave if the input
sequence to the circuit is 0110107

Given the initial state is S )
Time 0 1 2 3 4 5 Vi XX
Present State (PS) | S ! S
| f \
Input X 0 1 1 0 1 o A5
Output £ '\M__\,_) J
Next State (NS)

PS [ S,
X
Z

NS




Moore Machine

A state and its output is represented by

State S and its output z,

Transitions between states are indicated
by directed lines connecting the circles

For the present state S, its output is z,
@ x @ (independent of the next input).

If the next input is x, the state will

change to S,

The input only affects the next state but
not the output
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Moore Machine
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Moore Machine

What will the circuit behave if the input
sequence to the circuitis 0110107

Given the initial state is S, J
Time 0 1 |2 | 3 4 5 ’ l
Present State (PS) 5, | | = \
Input X 0 1 1 0 1 0 /Q it N
Output Z ' ' ot '
Mext State (NS)
N S S N S S
Ps | 5, Su Sy 5 Sy
PG | IS L
Z
NS
Differences
Mealy machine Moore machine
Present State Input X | Next State Output Z PS  Inputx| NS °“§“-“
5, ] 5, 0 3 .l !: 1

1 5 1 5, 1 1

 The output of Moore machine is related to

the current state only

- The output will not change despite of the changes appears at
the input

- The output is stable, because it depends solely on the state
which is the group of storage elements
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Differences

Mealy machine

Moore machine

Present State

Input X | Next State

Output Z

0 5,

] 5!

1 5

PS5

InputX | NS

=

e The output of Moore machine is related to ﬂ’
the current state only

- The output will not change despite of the changes appears at

the input

- The output is stable, because it depends solely on the state

which is the group of storage elements
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Excitation Table of D-FFs

Flip-flop is already a sequential circuit

CO@

D flip-flips

- - 2| =
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Ps{Q,) Input D NS (@)

5. (0) 1] 3, 10)

5., (0 1 5 (1)

5.(1) o 5, 10)

S.(1) 1 5. 1)

, — ol—
The excitation table of
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Excitation Table of JK-FFs

/___LL_H PS(Q,)  InputJK | NS(Q,.,)

Ox C a x@ D E = o e

= s, (0) 01 5, (0)

S (0) 10 5 (1)

S, (0) 11 S,(1)

S. (1) 0o 5, (1)

Q, Q. JK 5, (1) 01 S, (0)

0 - O 0 x S, (1) 10 51

0 = 1 1x 5,1 L 50
1 - 0 1 The excitation table of

1 - 1 x0 JK flip-flip

Exercise: find the excitation tables of SR, T FFs
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Traffic Light Circuit

“ Mealy or Moore machine?
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Design Example

Free-running Counter

Design a free-running counter with counting sequence
2,4,5,3,7, 2, ..(and repeat) using D flip-flops

Analysis
Free-running — 0 inputs

There are five numbers: 2,4,5,3,7
Therefore, there are 5 states
3 flip-flops are required

The largest numberis 7 = (111),
Therefore, the number of outputs is 3

The counter will count
010 — 100 — 101 — 011 — 111 — 010 ...
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Free-running Counter

Moore Machine Structure

i i Outputs
(no inputs) —_—
...... -l — b Z
_—

‘I'_‘ K I

Present states Q

Derive the state diagram and state table

2,4,53,7,2, '\_)
If.,.-—-. : . PS NS z,nmz. I_.t
(5111 3 10 5 5 010
s | 100
|

| 101
| = 011
| 111

o ~
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Free-running Counter

Assign the state as the output code

S, =010, Sg = 100,Ss = 101,S, = 011,S¢ =
111

Rewrite the state table as follow

PS

NS

Output
z2z

Se

010

5y

100

101

o011

111

PS5

Output

Q,

22,2,

X

XXX

X

XXX

o110

= | o | M | =

== | O | M |

011

100

101

XXX

111
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Free-running Counter

Assign the state as the output code
Sa= 010,85 100.8:=101,85;=011,8:=

111

Rewrite the state table as follow

PS

NS

Output
2,2,2,

010

100

101

011

111

PS NS Output
o o ola o a|z2z
0 0 0 % X X XXX
X X X XXX

0 | 1] (1] o010
1] 1 1 1 1 011
1 i] ] 100
101

XX

111
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Free-running Counter | 2% %io o o z2%

From truth table to K-map ' =
Zo(Qs Qs Q) = Em(4, 5, 7) + £d(0, 1, 6)
Z.(Qu Qs Qo) = Em(2, 3,7) + £d(0, 1, 6)
Z,(Qa Qp Qo) = Em(3, 5, 7) + £d(0, 1, 6)
W) 2.Q,
T e B
X @ﬂ X bﬂ x| 1]1]1
Z,=Q Z,=Q, Z,=Q,
Free-running Counter
Zy(Qu Qp, Q) = Q¢
el 0 © "L + Output Z,
[ =] -
Lo e » Output Z,

=] -
— o Q » Output Z,
' a J “““““
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Free-running Counter

From excitation table to the design table

g, Owi | 0O Verification
0 - ] 0 reset .
T 1 set required for
L . 0 "¢t bit checking!
1 — 1 1 | set
[ es NS FFs input Output
o, @ @ |a @ o |b, b 0 |zzz
1] [1] i) x X i x X X XXX
x x X x X X XX X
Q) 1 LD o o GO 1 o | 010
1] 1 1 | 1 i i 1] 1] 011
1 o o [1] 1] 1 100
a oD GO 1 o | 101
1 i 1] x x X x x® X XXX
! | 1 ¢ | 0 1 0 1 111
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Free-running Counter
From excitation table to the design table
g, Owi | 0O Verification
0 - ] 0 reset .
T 1 set required for
L . 0 "¢t bit checking!
1 — 1 1 | set
[ es NS FFs input Output
o, @ @ |a @ o |b, b 0 |zzz
o 1] 1] X x X X X X XXX
x x X x X X XX X
0 i 1 0 0 1 10 [i] 010
1] 1 1 1 1 1 ol ol 011
1 o 1] ol 1] 1 100
10 1 01| 101
1 i 1] x x X x x® X XXX
: 1 { 0 { 0 10 01 40| 111
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Free-running Counter

Find the flip-flips input equation
Da(Qa Qg Qo) = EIM(2, 3, 4) + £d(0, 1, 6)
Dg(Qa Qg Qo) =Zm(3,5,7) + Zd(0, 1, 6)
Do(Q,, Qg Qo) = Im(3, 4, 5) + 2d(0, 1, 6)

Q.Q, 20 S0
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Free-running Counter

Dp(Qp Qp Q) = Qy + Qe

Dg(Qu Qp Qo) = Q¢

DF(QA, QE, Qc) = Qgi_"' Q,q, Qc
! L

» Output 2,

» Output Z;

== G
el




7.2 Sequential Circuit Analysis

e To analysis a sequential circuit
- To verify the circuit
- To determine its state model
- To obtain its state diagram
- To obtain its state table
- To obtain its state equation

Analysis Example

ity e TN i,

; re |
|

: | e 0, | [ |

I : 'S R R B R ————

| 'Ky

| [k

. |

: ]

First, determine its state model
Mealy, or Moore?
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Analysis Example

L s e Q,

T - - === === |
| 1 K 4 I I
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Input X N 'Dc __D—:—.- ¥ o . | Qutput £
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' :
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Next, determine the flip-flop input functions
JA - QB, KA =X1QE
Jo = X', Ky = XoQ,
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Analysis Example

| haep 5 g -
ik F i P
roax —Def )l | #D“ bbbbb :
_ .
.

Start analysis
Number of flip-flops: 2

Since there are two flip-flops, this circuit has at
most 4 states

Number of inputs: 1

Number of outputs: 1
Z - Qﬂ‘ QB
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Write the Analysis Table

Fill in present state first

Present State (PS)
State (@, Q) S v i
5.(00) Then fill in inputs
Sy(01)
5.(10) Present State (PS)| Input
50:11} Slﬂt&t'a‘as} X
S,(00) :
5 o S g ey 0
Input X ﬂf%%} - @)—;-metz S55(01) P
| ¥+ H 1 Sc(10) :
| Sol11) .
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Write the Analysis Table
Then fill in inputs to flip-flops
Ja = Qg Ky = X'Qg, Jg = X, Kg = X2Q,
Present State (PS)| Input Flip-Flops®' Excitations
State (Q, Q) X el AT
0 o o | 1 0
S,(00)
1 o o0 | 0o 1
0 1 1 1 0
Sal01}) 1 1 0 0 1
0 o o | 1 1
Sc(10) 1 0 0 0 0
0 1 1 1 1
i 1 1 0 0 O —————— gy T
Input X —"'-D= __DJ—J @;_ Cdpid £
—H




Write the Analysis Table

Then obtain the next state

Present State (PS) _I&L.El.ip.ﬁlo ! itati Mext State (NS)

State ‘W— X J? $ Js  Kg \_gﬂ Qg
s(d0 0 0 0 1) (0 0 1
D K_ﬁ_ 1 o o0 | o\ W o
s(o1) Pttt 1 L o) 1

1 1 0 0 1 10

0 0 0 1 1 11

S:(10) 1 0 0 0 0 10

0 1 1 1 1 0 0

So(11) 1 1 0 0 0 1 1
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Write the Analysis Table

Finally obtain the output
7 = QAQ’;QB

1T

Present State (PS)| Input iD= L Excitati xt State (NS) | Output
State (Q, X Jo K, | 4o K Q, Qg \z
. 0 0 0 1 0 0 1 0
S4(00)
1 0 0 0 1 00 0
0 1 1 1 0 11 1
S5(01)
1 1 0 0 1 10 1
0 0 0 1 1 11 1
S.(10)
1 0 0 0 0 10 1
0 1 1 1 1 00 0
S,(11)
1 1 0 0 0 11 0

- Ourtpat £
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State Table and State Diagram

Present State (PS)| Input | Next State (NS)| Output )
State (Q, Q) % Q,Q, z [D
S,(00) ° 0 1 ° D
1 00 0 /
0 11 1
“altt) 1 10 1 L _j
0 11 1 '
$c(10) 1 10 1 \
0 0o 0 -)
SD{ 11) P 1 1 3 .
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State Equation

Present State (PS)] Input | Next State (NS) | Output
State (Q, Q) X 'Q, Qg z
$,(00) ¢ i | 18 9 Determine Q, ..., and
1 {0f0 0 Qg nexy DY means of K-
0 1|1 1 map (or Q-M method
5,(01) p (orQ )
1 1 1
&1 0 1|4 1
cl19) 1 10 1
S.(11) g LALILEN 9
" 1 11 0
2.0, .0
oo 01 a {10 o0 01 & 10
1 1 1 1 1
1 1 1 1

Quney = Qu'Qp + Q. Q" + (XQ,) or (XQp) Qpnery = QX'+ QX"+ Q,QpX
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