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Sequential Circuit DesignSequential Circuit Design
• To design a sequential circuit, given a problem statement,

– 1. construct a state table or state graph (unit 14)

• Further simplification (unit 15)
– 2. derive FF input eq. and output eq. (in unit 12)
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 tablestate                                             
graph statestatement  problemGiven ⇒

−− ineMealy Mach

X Z

CLK

"101" is X when "1" gives Z

)1514131211109876543210:(Time
0010100000100000Z
0010101001101100X

=
=

↓ ↓ ↓

14-1 Design of a Sequence Detector14-1 Design of a Sequence Detector
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0S statereset  a Start with
S0 1

0 Z, Sat  stays "0" a receives :S 00 =⇒

S0

0/0

0 Z, S  state new a "1" a receives 1 =⇒

S0

S1

0/0

1/0

2

*Construction of state graph
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0 Z, S "0" receives :S 21 =⇒

0 Z, S "1" receives 1 =⇒

S0

S1S2

0/0

0/0 1/0

1/0

S0

S1S2

0/0

0/0

1/0

3

0 Z, S "0" receives 0 =⇒

 1

2

S back to goes and                              
 1Z "1" receives:S =⇒

S0

S1S2

0/0

0/0

1/1

1/0

1/0

S0

S1S2

0/0

0/0

0/0

1/1

1/0

1/0

4

010

0110

0101

0100

Go back to S1 since it is also
the first 1 in  new sequence

Go back to S0 since 00 is 
not a part of desired sequence
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Table State＊

10SSS
00SSS
00SSS

1X0X1X0X

102

121

100

====P.S.
N.S. Output Z

Assignment State＊

B) ,(A    F/Fs 2    states 3  
states 2 codecan  F/FA    

→⇒

10    AB     :S
01    AB     :S
00    AB     :S

2

1

0

=
=
=

10010010
00011001
00010000

1X0X1X0X ====AB
A+B+ Z

S0

S1S2

0/0

0/0

0/0

1/1

1/0

1/0
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F/F Choose＊

F/F-D use  :Ex

10001  00  010
10011  00  101
10001  00  000

1X0X1X0X1X0X ======
AB A+B+ DA DB

tionSimplifica  map-K＊

00
××

01
00

X
AB 0 1
00
01
11
10 10

××

10
10

X
AB 0 1
00
01
11
10 10

××

00
00

X
AB 0 1
00
01
11
10

BX'A =+ XB =+ XAZ =
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A’ A

D

B’ B

D

B A
X

CLK

Z

* Circuit Realization

BX'A ==+
AD XB ==+

BD XAZ =
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0S statereset  a Start with

1

0
S0

0  Z:S0 =

0S "0" receives ⇒

)0 Z, (S  S "1" receives 11 =⇒

0
S0

0

Z

X

0
S0

0

0
S11

2

0  Z:S1 =

0)(Z  S "0" receives 2 =⇒

1S "1" receives ⇒

0
S0

0

0
S11

1

0
S0

0

0
S11

1

0
S2

0

*Construction of state graph

011

0110
01

010

0

−−  MachineMoore



11

3

0  Z:S2 =

0S "0" receives ⇒

1)(Z  S "1" receives 3 =⇒

0
S0

0

0
S11

1

0
S2

0

1
S3 1

0
S0

0

0
S11

1

0
S2

0

1
S3 1

0

4

1  Z:S3 =
2S "0" receives ⇒

1S "1" receives ⇒

0
S0

0

0
S11

1

0
S2

0

1
S3 1

0

0

0
S0

0

0
S11

1

0
S2

0

1
S3 1

0

0

1

0101

0100

01010

01011
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Table State＊

1123

302

121

100

SSS
0SSS
0SSS
0SSS
Z1X0X ==P.S.

N.S. Present Output

Assignment State＊

B) ,(A    F/Fs 2    states 4 ⇒

A+B+

1011110
0100011
0011101
0010000
Z1X0XAB ==

3

2

1

0

S
S
S
S

0
S0

0

0
S11

1

0
S2

0

1
S3 1

0

0

1



13

F/F Choose＊

F/F-D use

11011  01  110
00100  10  011
11011  01  101
10001  00  000

1X0X1X0X1X0XAB ======
A+B+ DA DB

tionSimplifica  map-K＊

01
10
01
00

X
AB 0 1
00
01
11
10 11

00
11
10

X
AB 0 1
00
01
11
10

00
10

A
B 0 1
0
1

AB'X'        
XABBA'X'A

+
+=+

AB'        
BA'XA'B

+
+=+ AB'Z =
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A’ A

D

B’ B

D

CLK

Z

X’ A’B X A B X’ A B’ X A’ A’ B A B’

* Circuit Realization

X'AB'XABX'A'BA ++=+

AB'A'BXA'B ++=+

AB'Z =
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−−  ExampleineMealy Mach

dectector Sequence

X Z

CLK 0 Z, Otherwise
1001or    010X if  "1" gives Z

=
=

00101000110101000Z
01100100010010100X

=
=

↑ ↑ ↑ ↑ ↑ ↑

14-2 More Complex Problems14-2 More Complex Problems
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S0

S3

S1

0/0

S2

1/0

1/0

0/1
↙

3

2

1

0

S
S
S
S

State

010
01
0
reset

received
Sequence

010for  on constructigraph  state partial
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1001for  on constructigraph  state partial

2

1

0

S
S
S

State

010
01
0
reset

received
Sequence

5

4

3

S
S
S

100
1

10or         

S0

S1

S2 S3

0/0

1/0
0/1

1/0

S4

1/0

0/0

S5

0/01/1
1/0

1010
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S0

S1

S2 S3

0/0

1/0
0/1

S4

1/0

0/0

S5

0/01/1
1/0

0/0

1/0

1/00/0

Completion of state graph
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S0

S1

S2 S3

0/0

1/0
0/1

1/0

1001

S4

1/0

0/0
1/1

S5

0/0

S6↑

If :
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S0

S1

S2 S3

0/0

1/0
0/1

1/0

1001

S4

1/0

0/0
1/1

S5

0/0

S6↑

If :

1/0
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S0

S1

S2 S3

0/0

1/0
0/1

1/0

1001

S4

1/0

0/0
1/1

S5

0/0

S4↑

If :

1/0

0/0
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S0

S1

S2 S3

0/0

1/0

0/1

1/0

S4

1/0

0/0
1/1

S5

0/0

S4

1/0

0/0

1010

1001

t)(equivalen   SS         
)S , (S  statesnext  same  thehave S ,S

53

625 3

≡⇒
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S0

S1

S2 S3

0/0

1/0

0/1

1/0

S4

1/0

0/0
1/1

S5

0/0

S40/0

1/0

1/0
1/0

0/0

0/00010

011001
11001

1010

1001

100010

t)(equivalen   SS         
)S , (S  statesnext  same  thehave S ,S

53

625 3

≡⇒
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−−  Example MachineMoore

X Z

CLK "0" gives  ZOtherwise,
received "0" econsecutiv

2least at  and odd"" is received
"1" ofnumber   totalif  "1" gives Z

=
=

Z
X 1   1   0   0   1   1   0   1

1   0   1   0   0   0   0   0   (0)
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0
S0

0
S1

s"1" Even
 and

Reset 

s"1" Odd

1

1

1

0
S0

0
S1

1

1

0
S2

0
S3

0

0

1
S4

1

1 2
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0
S0

0
S11

1

0
S2

0
S3

0

0

1
S4

1

1 3

0
S5

0

0
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0
S0

0
S11

1

0
S2

0
S3

0

0

1
S41

1

4

0
S5

0

0

1 1
Odd “1”

110100 10100

0 0

100010001
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!! 7.  
)!! output  all(Check  graph.  the6.Complete  

state. existing an  togo canit      
 whethersee , statenew a  up seting 5.When  

output. "1" obtain     
 tographs partial remainingt 4.Construc  

output "1" obtain  tograph partialt 3.Construc  
statereset  e2.Determin  

sequences. sample     
ngconstructiby  problem nd1.Understa  
Graphs State of onConstructifor  Guidelines §

驗算

組合

X=
Si

Si+1 Si+2

0
0

0
1

Si

Si+1 Si+2 Si+3
Si

0
00X1X2=

1
00

1
10

0
11

14-3 Guidelines for Construction of State Graphs14-3 Guidelines for Construction of State Graphs
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M.M.X Z

CLK
1001or    0101X when "1" gives

resets then , group
 a as outputs econsecutiv 4Check 

=

0000100000001000
0010100101001010

=
=

Z
X

"01"by            
 followed "10"or  "01"either  if "1" gives  :分析

Example : A Mealy Machine
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0
0

S0

S1

S2

S4

S3

0
0

0
1

0
1

0
0

1
10

0

0
1

S5

S6

0
0

0
0

0
1

0
1

0
0

0
1
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1101101100101    ates that gener
  a network graph forealy stateFind the M

Example:

S0 S1 S2 S3 S4 S5
/0 /1 /0 /1 /1

S6

/1/0

no input
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Mealy
MachineX Z1

Z2

Example: Z1=1 if sequence 100 occurs, 
Assume 010 has never occurred

Z2=1 if sequence 010 occurs, 
Note. Once a Z2 =1, Z1 =1 never occur.
But not vice versa

X1 = 1 0 0 1 1 0 0 1 0 |  1 0 1 0 0 1 0 1 1 0 1 0 0
Z1 = 0 0 1 0 0 0 1 0 0 |  0 0 0 0 0 0 0 0 0 0 0 0 0
Z2 = 0 0 0 0 0 0 0 0 1 |  0 1 0 1 0 0 1 0 0 0 0 1 0
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34
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Moore
Machine

X1 Z
X2

 valuechanges Z    01 , 10                
1Z    11 , 10                
0Z    11 , 01XX    

occurs.input  following  theunless
)"1"or  ("0" alueconstant va  remains Z

21

=
==

5

4

3

2

1

0
21

S110
S010
S101
S001
S111or  00
S011or  00

on DesignatiState(Z)Output 
)x(x        

inputs Previous

Example:



36

 valuechanges     Z01 , 10                
1    Z11 , 10                
0    Z11 , 01XX    

occurs.input  following  theunless
)"1"or  ("0" alueconstant v a remains Z

21

=
==

5

4

3

2

1

0
21

S110
S010
S101
S001
S111or  00
S011or  00

on DesignatiState(Z)Output 
)x(x        

inputs Previous

51215

41304

50313

40202

51311

40200

21

SSSS1S
SSSS0S
SSSS1S
SSSS0S
SSSS1S
SSSS0S
10110100xxZP.S. =
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 tableState ⇒

51215

41304

50313

40202

51311

40200

21

SSSS1S
SSSS0S
SSSS1S
SSSS0S
SSSS1S
SSSS0S
10110100xxZP.S. =

graph State *
0
S0

1
S3

0
S4

0
S2

1
S5

1
S1

00,11 

00,11 

01
10 00

1001

10

01 01

11

00 01

00,11 

10

11

00,11 

1010

01
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Transmitter Receiver
Serial data

Clock

good)(not  cables 2 Use

Transmitter Receiver
Serial data

Clock

network 
recoveryClock 

14-4 Serial Data Code Conversion14-4 Serial Data Code Conversion
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schemes Coding*

“1” makes 
transition

“1” makes  10

“1” makes 10
“0” makes 01
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Conversion
Network

Z Manchester data
XNRZ data

Clock2

(a)Conversion network

(b)Timing Chart

0 1 1 1 0 0 1 0

Consider NRZ 0, 1 as two bits
which occur consecutively! Every two

bits, machine returns to reset state

Consider NRZ 0, 1 as two bits
which occur consecutively! Every two

bits, machine returns to reset state
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S0

S1S2

1/1

1/0 0/1

0/0

(c)State graph
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(b)Timing Chart

0 1 1 1 0 0 1 0

S0

S1S2

1/1

1/0 0/1

0/0
(c)State graph
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S0

S1S2

1/1

1/0 0/1

0/0
(c)State graph

0
1

102

––

––

0    2

0    1

1    0

SS    
SS    

SSS    
1x0x1x0x ====

(d)State table

Present
state

Nest state Output (Z)
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QBQ

P

D

X’B’

QAQ

P

D

X A’

B
X

A’

Z

S0            AB = 00         X=0 , Z=0 X=1, Z=1
S1                      10         X=0 , Z=0           X=1, Z=0 
S2                      01         X=0, Z= 0           X=1, Z=1 

(b)Timing Chart

0 1 1 1 0 0 1 0
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(a)Timing Chart

0 1 1 1 0 0 1 0

S0

S2S3

S1

(b)State graph

*Moore Machine

1 1

1

00

0/0 /0

/1 /1
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1
1
0
0

0    3

31    2

2    1

31    0

SS    
SSS    

SS    
SSS    

         1x0x

–

–

==

(C)State table

Present
state

Nest state Present 
Output (Z)
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X
’

S0            AB = 00
S1                      01
S2                      11
S3                      10 

QBQ

Clock

D

QAQ

D

Z

X’

A

A’

B

X

B

(a)Timing Chart

0 1 1 1 0 0 1 0

Clock
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14-5 Alphanumeric State Graph Notation14-5 Alphanumeric State Graph Notation

• When a state sequential circuit has several inputs,
– Label the state graph arcs with alphanumeric input variable

F = forward R = reverse

not complete FR= 111001 Z3Z2

0
0
1

0
1
0

Z1

Output

1
0
0

S1

S2

S0

S1

S2

S0

S2

S0

S1

S0

S1

S2

00

NS

S0

S1

S2

PS
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• Property of the complete specified state graph
– OR together all input labels on arcs emanating from a state, the 

result can reduce to 1

– AND together any pair of input labels on
arcs emanating from a state, the result 
can reduce to 0

• For large sequential circuits (4 inputs, 4 outputs)
– X1X4’/Z2Z3 1--0/0110
– -/Z1 for any combination of input values,

the indicated state will occur and output Z1=1

0R'F'R      F'0,R'F'      F,0R'FF =⋅=⋅=⋅

1'FF'R'FR'FF =+=++
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HOMEWORK  -- Unit 14HOMEWORK  -- Unit 14

• 14.07(a)
• 14.17
• 14.21
• 14.31


