
Digital Logic Design

Topic 11: Finite State Machines
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Objectives

ÅTo understand and be able to implement:

ïFinite State Machines (FSM)

ÅThe difference between Mealy and Moore type FSMs

ÅThe concept of states and their implementation with 

flip flops

ÅSynchronous control using a clock

ÅBehavior of synchronous sequential circuits

ÅDesign techniques for synchronous sequential 

circuits

ÅVHDL design specification of FSMs
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Sequential Circuits

ÅSequential Circuits

ïA class of circuits in which the outputs depend 

on both the inputs to the circuit and the present 

ñstateò of the circuit (past behavior)

ÅSynchronous: uses a clock for control

ïEasier to design (than asynchronous)

ïUsed in the vast majority of practical applications

ÅAsynchronous: does not use a clock
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Synchronous Sequential Circuits

ÅSynchronous Sequential Circuits

ïUse combinational logic

ïUse one or more flip-flops 
ïSometimes referred to as registers

ïOutputs of the flip-flops is referred to as the ñStateò of the 

circuit (or state of the machine)

ïFlip-flops change their state based on the input logic
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Synchronous Sequential Circuits

ÅInput Logic Circuit
ÅAcquires inputs from two sources:

ïPrimary inputs (w)

ïRegister outputs (Q)

ÅChanges in state of the FSM depend on both:

ïPresent State

ïPrimary Inputs
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Synchronous Sequential Circuits

ÅOutput Logic Circuit
ÅMoore FSMs acquire inputs from register outputs only:

ïThe present state of the machine

ïThe connection in blue does not exist

ÅMealy FSMs acquire inputs from register outputs AND the 

primary inputs:

ïThe present state of the machine

ïThe connection in blue does exist
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FSM Design Steps

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design
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Design Example 1:

ÅDesign a FSM that will continuously perform the 
following count:

Å0, 4, 2, 1, 0, 4, 2, 1, 0 éé



910/22/2007

Design Example 1:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V
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Design Example 1:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V
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Design Example 1:

0

There is no enable or any other input to this machine, so we will choose 0 as the 

starting point (arbitrary choice) and then progress through the sequence.

1 2

4Start
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Design Example 1:

0

There is no enable or any other input to this machine, so we will choose 0 as the 

starting point (arbitrary choice) and then progress through the sequence.

1 2

4Start

This state diagram shows all of the possible states. The conditions for progressing 

to the next state is just the current state.
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Design Example 1:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V

V
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Design Example 1:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V

V
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Design Example 1:

From the state diagram, develop the state table. The state table should show both 

the current state and the next state

0

1 2

4Start Current

State

Next

State

0 4

4 2

2 1

1 0
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Design Example 1:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V

V

V
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Design Example 1:

From the state diagram, develop the state table. The state table should show both 

the current state and the next state

0

1 2

4Start Current

State

Next

State

0 4

4 2

2 1

1 0

We must now determine how many state variables are needed:  Any Ideas?
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Design Example 1:

From the state diagram, develop the state table. The state table should show both 

the current state and the next state

0

1 2

4Start Current

State

Next

State

0 4

4 2

2 1

1 0

We must now determine how many state variables are needed: The number ñ4ò in 

the count requires that we have 3 state bits. Iôll name these bits A, B, and C

Iôll also expand the State Table to show this:State

Current

State

Next

State

ABC ABC

0 000 100

4 100 010

2 010 001

1 001 000
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Design Example 1:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V

V

V

V
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100

4 100 010

2 010 001

1 001 000
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100

4 100 010

2 010 001

1 001 000

The excitation table for D flip-flops is shown below:

QT D QT+1

- 0 0

- 1 1

To change a D flip-flopôs output (Q) from a 0 to a 1, place a 1 at the input (D). To 

change a D flip-flopôs output (Q) from a 1 to a 0, place a 0 at the input (D). 
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

4 100 010 0 1 0

2 010 001 0 0 1

1 001 000 0 0 0

The excitation table for D flip-flops is shown below:

QT D QT+1

- 0 0

- 1 1

To change a D flip-flopôs output (Q) from a 0 to a 1, place a 1 at the input (D). To 

change a D flip-flopôs output (Q) from a 1 to a 0, place a 0 at the input (D). So the 

table above must be filled in to show what inputs are necessary at the inputs (D) to 

change from the current state to the next state.
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

4 100 010 0 1 0

2 010 001 0 0 1

1 001 000 0 0 0

We must now develop the next state logic for the Input Logic Circuit. But, before we 

do this, we must include all the possible current states for A, B, and C, even if they 

are not used.
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

Note that all possible values for A, B, and C are now in the table. For those states 

that are not used, the Next State column specifies ñdonôt care statesò (-). This is 

because the FSM should never enter those states.



2510/22/2007

Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

We can now determine the inputs to the Registers for each state (develop the Input 

Logic Circuit). We will use Karnaugh maps to do this.
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

DA

1

0 -

00

- -

-
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

DA

1

0 -

00

- -

-
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

DA

1

0 -

00

- -

-
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

DA

1

0 -

00

- -

-
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

DA

1

0 -

00

- -

-
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

D
B

0

0 -

10

- -

-
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

DC

0

0 -

01

- -

-
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

There is no need to develop expressions for the Output Logic Circuit because the 

outputs will be taken directly from the register outputs (Qs)
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Design Example 1:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the the circuit moves from one state 
to the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V

V

V

V

V
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Design Example 1:

I chose D flip-flops to implement this counter. The State Table was expanded to 

include the three required D inputs:

0

1 2

4Start State

Current

State

Next

State DA DB DC

ABC ABC

0 000 100 1 0 0

1 001 000 0 0 0

2 010 001 0 0 1

3 011 --- - - -

4 100 010 0 1 0

5 101 --- - - -

6 110 --- - - -

7 111 --- - - -

So now we must implement the design. We have three D flip-flops and the following 

expressions for the Input Logic Circuit:
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Design Example 1: Simulation

To simulate, I implemented a schematic. Note: Xilinx didnôt have any flip-flops with a 

connection for Q, so I had to use inverters.
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Design Example 1: Simulation

A test bench waveform was then developed. Note: it only needed to have a clock 

assigned.
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Design Example 1: Simulation

A test bench waveform was then developed. Note: it only needed to have a clock 

assigned.

Then, Modelsim was activated to determine if the circuit simulated as it shouldé.
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Design Example 1: Simulation

A test bench waveform was then developed. Note: it only needed to have a clock 

assigned.

Then, Modelsim was activated to determine if the circuit simulated as it shouldé.

0,     4,       2,      1,       0,     4, éé
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Design Example 1: VHDL

The VHDL Design Description was 

developed for the FSM.

Note: Xilinx seems to like Double 

Quotes (ñ) better than single (ó). The 

errors I got were ñunexpected tickò

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity CntrV1 is

Port ( Clk, reset : in std_logic;

Q : out std_logic_vector (2 DOWNTO 0) );

end CntrV1;

architecture Behavioral of CntrV1 is

Signal Count: std_logic_vector (2 DOWNTO 0);

begin

Process (Clk, reset)

Begin

IF Reset = '0' THEN 

Count <= "000";

ELSIF (Clk'EVENT AND Clk = '1') THEN

If Count = "000" then 

Count <= "100";

Elsif Count = "100" then

Count <= "010";

Elsif Count = "010" then

Count <= "001";

Else Count <= "000";

End If;

End If;

End Process;

Q <= Count;

end Behavioral;
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Design Example 1: VHDL

The VHDL Design Description was 

developed for the FSM.

Note: Xilinx seems to like Double 

Quotes (ñ) better than single (ó). The 

errors I got were ñunexpected tickò

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity CntrV1 is

Port ( Clk, reset : in std_logic;

Q : out std_logic_vector (2 DOWNTO 0) );

end CntrV1;

architecture Behavioral of CntrV1 is

Signal Count: std_logic_vector (2 DOWNTO 0);

begin

Process (Clk, reset)

Begin

IF Reset = '0' THEN 

Count <= "000";

ELSIF (Clk'EVENT AND Clk = '1') THEN

If Count = "000" then 

Count <= "100";

Elsif Count = "100" then

Count <= "010";

Elsif Count = "010" then

Count <= "001";

Else Count <= "000";

End If;

End If;

End Process;

Q <= Count;

end Behavioral;

When the description synthesized, a 

testbench waveform was developed that 

was very similar to the previous. The 

previous had A, B, and C, whereas this 

one had Q[2:0]
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Design Example 1: VHDL

This is the testbench waveform:

This is the output from Modelsim:
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Design Example 2:

ÅDescription:

ïWe wish to design a circuit that:

ÅHas one input (w) and one output (z)

ÅThe output z should go high if there were two 

consecutive high inputs on w

ÅAll changes in the circuit occur on the positive edge 

of the clock



4410/22/2007

Design Example 2:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V
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Design Example 2:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V



4610/22/2007

Design Example 2:
The state diagram below describes the specified circuit

Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 
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Design Example 2:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V

V
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Design Example 2:
The state diagram below describes the specified circuit. The state table describes (in tablature style) the state 

diagram. But this table doesnôt have enough information.

Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

Present

State

Input 

(w)

Next

State

Output 

(z)

A 0

1

A

B

0

0

B 0

1

A

C

0

0

C 0

1

A

C

1

1

We must decide how many state variables are required to fully implement this design with registers. Each 

register will require a state variable.
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Design Example 2:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V

V

V
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State

Present

State Input

Next

State Output 

y1y0 w y1y0 z

A 00

0

1

00

01

0

0

B 01

0

1

00

10

0

0

C 10

0

1

00

10

1

1

D 11

0

1

- -

- -

-

-

Design Example 2:
This State Table provides all the information we need. There are 3 possible states, so we will need 2 state 

variables (y0 and y1). With 2 state variables with can have 4 possible states (thatôs how ñDò came into the 

picture).
Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

This FSM should never enter state D, so it had no effect on the next state or the output, but it will have an 

impact when designing the Input Logic Circuit (and possibly the VHDL file).
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State

Present

State Input

Next

State Output 

y1y0 w y1y0 z

A 00

0

1

00

01

0

0

B 01

0

1

00

10

0

0

C 10

0

1

00

10

1

1

D 11

0

1

- -

- -

-

-

Design Example 2:
This State Table provides all the information we need. There are 3 possible states, so we will need 2 state 

variables (y0 and y1). With 2 state variables with can have 4 possible states (thatôs how ñDò came into the 

picture).
Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

This FSM should never enter state D, so it had no effect on the next state or the output, but it will have an 

impact when designing the Input Logic Circuit (and possibly the VHDL file).

We now have to decide what kind of flip-flops will be used é..
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Design Example 2:

1. Obtain the specifications of the desired circuit

2. Derive the states of the machine and develop a state 
diagram

1. Should show all possible states

2. Provide the conditions for which the circuit moves from one state to 
the next

3. Develop the state table from the state diagram

4. Decide on the number of state variables needed to 
represent all states

1. Minimize the number of states if possible

5. Choose the type of flip-flops that will be used in the 
implementation

1. Derive the next-state logic expressions to develop the Input Logic 
Circuit

2. Derive the logic expressions for the Output Logic Circuit

6. Implement the design

V

V

V

V
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State

Present

State Input

Next

State Output 

y1y0 w y1y0 z

A 00

0

1

00

01

0

0

B 01

0

1

00

10

0

0

C 10

0

1

00

10

1

1

D 11

0

1

- -

- -

-

-

Design Example 2:
This State Table provides all the information we need. Because there are 3 possible states, we will need 2 

state variables (y0 and y1). With 2 state variables with can have 4 possible states (thatôs how ñDò came into 

the picture).
Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

This FSM should never enter state D, so it had no effect on the next state or the output, but it will have an 

impact when designing the Input Logic Circuit (and possibly the VHDL file).

We now have to decide what kind of flip-flops will be used é.. Iôll choose D flip-flops again because they are 

easy to implement.
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Design Example 2:
For D flip flops, the output (Q) always follows the input (D) on transitions of the clock. So, for D flip-flops, we 

only need to look at the Next State state variables.

Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

State

Present

State Input

Next

State D1 D0 Output 

y1y0 w y1y0 z

A 00

0

1

00

01
0 w

0

0

B 01

0

1

00

10
w 0

0

0

C 10

0

1

00

10
w 0

1

1

D 11

0

1

- -

- -
- -

-

-
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Design Example 2:
For D flip flops, the output (Q) always follows the input (D) on transitions of the clock. So, for D flip-flops, we 

only need to look at the Next State state variables.

Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

Note that the next state for state A, state variable y1 is always 0, so the 

input (D) can always have a 0 applied (for this state)

State

Present

State Input

Next

State D1 D0 Output 

y1y0 w y1y0 z

A 00

0

1

00

01
0 w

0

0

B 01

0

1

00

10
w 0

0

0

C 10

0

1

00

10
w 0

1

1

D 11

0

1

- -

- -
- -

-

-
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Design Example 2:
For D flip flops, the output (Q) always follows the input (D) on transitions of the clock. So, for D flip-flops, we 

only need to look at the Next State state variables.

Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

Note that the next state for state A, state variable y0 is 0 when w is 0 

and 1 when w is 1, so the input (D) follows the state of w (for this state)

Look over States B and C to confirm the inputs to the D flip-flopsé.

State

Present

State Input

Next

State D1 D0 Output 

y1y0 w y1y0 z

A 00

0

1

00

01
0 w

0

0

B 01

0

1

00

10
w 0

0

0

C 10

0

1

00

10
w 0

1

1

D 11

0

1

- -

- -
- -

-

-



5710/22/2007

Design Example 2:
We can now put these values in a Karnaugh map to determine the logic expression for the input to D1.

Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

State

Present

State Input

Next

State D1 D0 Output 

y1y0 w y1y0 z

A 00

0

1

00

01
0 w

0

0

B 01

0

1

00

10
w 0

0

0

C 10

0

1

00

10
w 0

1

1

D 11

0

1

- -

- -
- -

-

-

D1

0

w -

w
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Design Example 2:
We can now put these values in a Karnaugh map to determine the logic expression for the input to D1.

Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

State

Present

State Input

Next

State D1 D0 Output 

y1y0 w y1y0 z

A 00

0

1

00

01
0 w

0

0

B 01

0

1

00

10
w 0

0

0

C 10

0

1

00

10
w 0

1

1

D 11

0

1

- -

- -
- -

-

-

0

w -

w

D1
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Design Example 2:
We can now put these values in a Karnaugh map to determine the logic expression for the input to D0.

Reset 

State A

z = 0 

w=1

w=1

w=1

w=0

w=0

w=0

State B

z = 0 

State C

z = 1 

State

Present

State Input

Next

State D1 D0 Output 

y1y0 w y1y0 z

A 00

0

1

00

01
0 w

0

0

B 01

0

1

00

10
w 0

0

0

C 10

0

1

00

10
w 0

1

1

D 11

0

1

- -

- -
- -

-

-

w

0 -

0

D0




