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II. Design of Sequential Circuits 

 Given the word description and specs of 

the desired operation, obtain the state 

diagram/table of the circuit, and hence 

derive the circuit diagram 
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Example 1 

 Using D-type FFs, design a circuit that 

detects three or more consecutive 1’s in a 

stream of bits coming through an input line 

Required States 

No cons. 1’s detected so far 

First cons. 1 detected so far 

Two cons. 1’s detected so far 

Three (or more) cons. 1’s detected so far 

S0 

S1 

S2 

S3 

Four States  Two FF’s 

State FF o/ps 

0     0 

S1 

S0 

A    B 

S2 

S3 

0     1 

1     0 

1     1 

Assuming binary state encoding 
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State Diagram 

 

Moore Model 
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State Table 

Present 

State 

0 

A   B 

 

Input 

x 

Next 

State 

A   B 

 

Output 

y 

FF 

Inputs 

DA   DB 

From FF 

excitation table 

From state 

diagram 

D Q(t+1) 

0 

1 1 

0 

D–FF Excitation Table 

0    0 

0    0 

0    1 

0    1 

1    0 

1    0 

1    1 

1    1 

1 

0 

1 

0 

1 

0 

1 

0    0 

0    1 

0    0 

1    0 

0    0 

1    1 

0    0 

1    1 

0      0 

0      1 

0      0 

1      0 

0      0 

1      1 

0      0 

1      1 

0 

0 

0 

0 

0 

0 

1 

1 

FF(s) Input/Output Equation(s): DA(A, B, x) = ∑(3, 5, 7) 

DB(A, B, x) = ∑(1, 5, 7) 

y(A, B, x) = ∑(6, 7) 
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K-Maps for FF Input(s) 

FF(s) Input/Output Equation(s): DA(A, B, x) = ∑(3, 5, 7) 

DB(A, B, x) = ∑(1, 5, 7) 
y(A, B, x) = ∑(6, 7) 
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Circuit (Logic) Diagram 
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Another State Encoding Technique 

 Binary encoding uses the min possible 
number of FF’s to store the state, however 
additional logic is required to encode or 
decode the state 

 One-hot encoding is another state 
encoding technique, where only one bit of 
the “state vector” is set for any given state 

 n states → n FF’s 
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One-hot Vs Binary Encoding 

One-hot Binary 

 Faster 

 Speed independent 
of the # of states 

 Easier to design/code 
the FSM 

 Slower as the # of 
states gets larger 

 More effort to 
design/code the FSM 

 Slightly Cheaper 

 Adding/deleting 
states is easier 

 Adding/deleting 
states affects the rest 
of the machine  

 Easier debugging  More difficult 
debugging 
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Practice Assignment 

 Solve the previous example using one-hot 

state encoding rather than binary state 

encoding 
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Example 2 

 Using JK-FF(s), design the logic circuit that 

corresponds to the following state table 

Present 

State 

0 

A   B 

 

Input 

x 

Next 

State 

A   B 

FF 

Inputs 

JB   KB 

0    0 

0    0 

0    1 

0    1 

1    0 

1    0 

1    1 

1    1 

1 

0 

1 

0 

1 

0 

1 

0    0 

0    1 

1    0 

0    1 

1    0 

1    1 

1    1 

0    0 

0      X 

1      X 

X      1 

X      0 

0      X 

1      X 

X      0 

X      1 

JA   KA 

0      X 

0      X 

1      X 

0      X 

X      0 

X      0 

X      0 

X      1 

From FF 

excitation table 

JK–FF Excitation Table 

K J Q(t+1) 

0 

1 1 

0 

0 

1 

0 

0 

1 

1 

Q(t) 

X 

X 

X 

X 

0 

1 
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K-Maps for FF Input(s) 
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Circuit (Logic) Diagram 
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Example 3 

 Using T-type FFs, design a 3-bits binary 

counter that can count in binary from 0 to 7 

State Diagram 
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State Table 

Present 

State 

0 

A2  A1 A0 

FF 

Inputs 

TA2   TA1 

0    0 

0    0 

0    1 

0    1 

1    0 

1    0 

1    1 

1    1 

1 

0 

1 

0 

1 

0 

1 

0      0 

0      1 

0      0 

1      1 

0      0 

0      1 

0      0 

1      1 

Next 

State 

1 

A2  A1 A0 

0    0 

0    1 

0    1 

1    0 

1    0 

1    1 

1    1 

0    0 

0 

1 

0 

1 

0 

1 

0 

1 

TA0 

1 

1 

1 

1 

1 

1 

1 

From FF 

excitation table 

T–FF Excitation Table 

T Q(t+1) 

0 

1 1 

0 

0 

1 

0 

0 

1 

1 

Q(t) 

0 

1 



16 

K-Maps for FF Input(s) 
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Circuit (Logic) Diagram 
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Important Book Chapter 

 Chapter 5 in textbook 



Guidelines for the Midterm 
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Exam Strategy 
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More Guidelines 
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Exam Style! 

 Broad selection of MCQ’s based on topics 

delivered in lectures 1-8 

 Various types of problems 

Theory 

Problems to assess understanding of theoretical 

principles provided 

Lots of Verilog! Maybe in the question(s) or the 

answer(s)! 

Lots of Timing Simulations! Maybe in the 

question(s) or the answer(s)! 
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Final Advice! 

 Read question(s) well 

 Read all choices. Pay attention to “None of 

the previous”, “All of the previous”, (i) and 

(ii), etc. 

 Think first, don’t bang your head against 

the wall 

 Good Luck! 
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