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Designing sequential circuits is a fundamental aspect of digital electronics, enabling the
creation of systems that respond to input sequences over time. The process involves
translating a given state diagram into a functional circuit using memory elements such as
flip-flops, logic gates, and other digital components. In this article, we will explore the
detailed steps to design a sequential circuit based on a specific state diagram using D flip-
flops, with input-output transitions represented as 0\1, 0\0, and 1\1. Our goal is to guide
you through the systematic approach to analyze the state diagram, derive excitation and
transition equations, and implement an efficient, reliable circuit.

---

Understanding the State Diagram and Its
Significance

What Is a State Diagram?

A state diagram visually represents the behavior of a sequential circuit by illustrating
states and the transitions between them based on input conditions. Each state signifies a
unique configuration of the circuit’s memory elements, and arrows indicate how the
circuit moves from one state to another in response to input signals.

Given State Transitions

The provided transition labels are:

- 0\1: When in the current state, an input of 0 causes the next state to be 1.
- 0\0: When in the current state, an input of 0 causes the next state to remain 0.
- 1\1: When in the current state, an input of 1 causes the next state to be 1.

However, the exact states (e.g., S0, S1) and their transition details are essential for
precise circuit design. For this example, let's assume the following simplified state
diagram based on typical design conventions:

| Current State | Input | Next State | Output |



|-----------------|---------|------------|---------|
| S0 | 0 | S1 | 0 |
| S0 | 1 | S0 | 0 |
| S1 | 0 | S0 | 1 |
| S1 | 1 | S1 | 1 |

This table aligns with the transition labels, where:

- From S0, input 0 leads to S1 with output 0.
- From S0, input 1 stays in S0 with output 0.
- From S1, input 0 returns to S0 with output 1.
- From S1, input 1 stays in S1 with output 1.

Note: The actual states and transitions should be clarified based on the specific diagram
you have. For illustrative purposes, this simplified model will be used throughout the
article.

---

Step-by-Step Approach to Designing the
Sequential Circuit

Designing a sequential circuit involves several key steps:

1. Analyzing the State Diagram and Assigning State Codes
2. Deriving State Transition and Output Equations
3. Constructing the Flip-Flop Excitation Equations
4. Implementing the Circuit with D Flip-Flops and Logic Gates
5. Verifying and Testing the Design

Let's delve into each step.

---

1. State Encoding and Assignment

Choosing State Codes

The first step is to assign binary codes to the states. Since we have two states (S0 and S1),
a single flip-flop suffices:

| State | Binary Code |
|--------|--------------|
| S0 | 0 |



| S1 | 1 |

This encoding simplifies the design, reduces hardware, and eases implementation.

State Variables

Define a state variable Q, representing the current state:

- Q=0 → S0
- Q=1 → S1

---

2. Deriving State Transition and Output Equations

Creating the State Transition Table

Based on the assumed transition table, we construct the following:

| Current Q | Input (X) | Next Q | Output (Z) |
|-------------|-----------|---------|--------------|
| 0 | 0 | 1 | 0 |
| 0 | 1 | 0 | 0 |
| 1 | 0 | 0 | 1 |
| 1 | 1 | 1 | 1 |

---

Deriving Boolean Expressions

- Next State Equation (Q+):

Q+ depends on current Q and input X.

From the table:

- When Q=0, X=0 → Q+=1
- When Q=0, X=1 → Q+=0
- When Q=1, X=0 → Q+=0
- When Q=1, X=1 → Q+=1

Observing the pattern:



Q+ = (~Q AND ~X) OR (Q AND X)

Simplifies to:

Q+ = (~Q AND ~X) + (Q AND X)

This is the XNOR operation:

Q+ = Q XNOR X

- Output Equation (Z):

Output is 0 in first two states and 1 in the last two states.

From the table:

Z = Q

Since:

- Q=0 → Z=0
- Q=1 → Z=1

---

3. Implementing Excitation and Output Logic

Using D Flip-Flops

D flip-flops have the property:

- Q+ = D

Thus, the D input must be connected to the
expression for Q+.



- D = Q+ = (~Q AND ~X) + (Q AND X)

This can be simplified further:

- D = (Q XNOR X)

Or, equivalently:

- D = Q XNOR X

Implementation:

- Connect D input of the flip-flop to the output of
an XNOR gate with inputs Q and X.

---

4. Circuit Diagram Construction

Components Needed

- D flip-flop
- Logic gates: AND, OR, NOT, and XNOR
- Input signal X
- Output signal Z (connected to Q for simplicity)



Wiring Steps

1. Connect the current state Q to one input of an
XNOR gate.
2. Connect the input signal X to the other input of
the same XNOR gate.
3. Connect the output of the XNOR gate to the D
input of the flip-flop.
4. The flip-flop's Q output represents the current
state.
5. Connect the Q output directly to the output Z.
6. Provide clock signal to the flip-flop for
synchronization.

This configuration ensures that the circuit
transitions according to the specified state
diagram.

---

5. Verification and Testing

Simulation

Before physically implementing the circuit,



simulate the design using digital simulation tools
like Multisim, Logisim, or Proteus. Check the
following:

- Correct state transitions based on input
sequences.
- Proper output behavior matching the state
diagram.
- Stability and correct operation under various
input conditions.

Testing Procedure

- Apply different input sequences (X=0 and X=1).
- Observe the Q output (state) and Z output.
- Confirm the circuit follows the expected
transition pattern.

---

Additional Considerations for Robust Design

- Edge-triggered clocking: Ensure the flip-flop
captures data on the correct clock edge (rising or
falling).
- Debouncing inputs: If inputs are from



mechanical switches, debounce signals to prevent
erratic behavior.
- Power supply and grounding: Properly connect
Vcc and GND to prevent noise and ensure reliable
operation.
- Expansion: For more complex systems, consider
adding more flip-flops or logic for multiple states.

---

Conclusion

Designing a sequential circuit according to a
state diagram using D flip-flops involves
methodical analysis and logical implementation.
By assigning binary codes to states, deriving
transition and output equations, and correctly
wiring the components, you can create a reliable
digital system that performs the desired sequence
of operations. This process not only reinforces
fundamental digital design principles but also
prepares you for more advanced circuit
development tasks.

---

Summary of Key Steps



- Analyze the state diagram and assign binary
codes.
- Develop a state transition table.
- Derive Boolean expressions for next state and
output.
- Implement the logic using D flip-flops and gates.
- Verify through simulation before physical
implementation.

Understanding and mastering this process is
essential for designing complex digital systems
such as counters, controllers, and communication
protocols. With practice, translating state
diagrams into functional hardware becomes an
intuitive and efficient task, enabling the creation
of sophisticated digital circuits tailored to
specific applications.

Frequently Asked Questions

What is the first step in designing a sequential circuit
from a given state diagram using D flip-flops?

The first step is to identify and assign binary
codes to each state in the diagram, then
determine the flip-flop inputs required to
transition between states based on the diagram's
transitions.



How do you derive the excitation equations for D flip-
flops from the state diagram?

Since D flip-flops have a direct input-to-next-state
relationship, the excitation equations are
obtained by setting D = next state value for each
flip-flop, based on current states and transitions
in the diagram.

Given the state transitions 0→1 and 1→0, what are the D
flip-flop input equations?

For a flip-flop representing the state bit, D = next
state value. For 0→1, D=1; for 1→0, D=0.
Therefore, D can be expressed as D = Q', where Q
is the current state bit.

How do you implement the output logic in the circuit
based on the state diagram?

Identify the output associated with each state,
then derive the output expression as a function of
the flip-flop states, typically using Karnaugh
maps or Boolean algebra to simplify.

What considerations are important when choosing D
flip-flops for this sequential circuit design?



D flip-flops are chosen because their next state is
directly controlled by the input D, simplifying the
design. Ensure the flip-flops are compatible with
the circuit’s clock frequency and that their setup
and hold times are manageable.

Can you explain how to verify the correctness of your
designed circuit?

Verification involves creating a state table,
simulating the circuit for all possible inputs and
states, and ensuring that the circuit transitions
match the original state diagram and produce the
correct outputs.

Additional Resources

Design a Sequential Circuit According to the
Following State Diagram Using D Flip-Flops: 0/1,
0/0, 1/1

Designing a sequential circuit from a state
diagram is a fundamental task in digital logic
design, essential for creating systems that exhibit
memory and complex behavior. When the diagram
specifies transitions between states with



particular input-output combinations, it becomes
a blueprint for developing a circuit capable of
performing a desired function. In this guide, we
will explore how to design a sequential circuit
according to a given state diagram using D flip-
flops, focusing on the transitions labeled with
input/output pairs such as 0/1, 0/0, and 1/1.

This comprehensive walkthrough will cover the
interpretation of the state diagram, deriving flip-
flop input equations, designing the circuit, and
verifying its operation. Whether you're a student,
engineer, or hobbyist, understanding this process
will deepen your grasp of sequential circuit
design principles.

---

Understanding the Problem Statement

Before diving into the design process, it’s crucial
to understand precisely what the problem entails:

- State Diagram: Represents the different states
of the system and how it transitions between
them based on input signals. Each arrow indicates
a transition, labeled with input and output values.
- Transitions: Given as pairs like 0/1, 0/0, 1/1,
where the first value (input) triggers the



transition, and the second (output) is produced
during that transition.
- Design Goal: Implement this behavior using D
flip-flops, which store the state information, and
combinational logic to generate the correct
inputs to these flip-flops based on current states
and inputs.

---

Step 1: Interpreting the State Diagram

Suppose the state diagram has the following
features:

- It contains states: typically labeled as A, B, C,
etc.
- Transitions: arrows pointing from one state to
another, labeled with input/output pairs like 0/1,
0/0, 1/1.
- Initial State: the starting state of the system.

For example, consider a simple state diagram
with three states:

- State A: initial state
- State B
- State C



Transitions are:

- A to B on input 0, output 1
- B to C on input 0, output 0
- C to A on input 1, output 1
- A to C on input 1, output 1
- B to A on input 1, output 0
- C to B on input 0, output 1

This is just an illustrative example; your actual
diagram may differ, but the approach remains the
same.

---

Step 2: Assigning State Encodings

To implement the circuit, you need to encode
each state into binary form suitable for D flip-
flops.

Choosing Number of Flip-Flops

- The minimum number of flip-flops is determined
by the number of states.
- For 3 states, 2 flip-flops are sufficient since 2
bits can encode up to 4 states.

State Encoding



Assign binary codes to states:

| State | Binary Code (Q1Q0) |
|---------|------------------|
| A | 00 |
| B | 01 |
| C | 10 |

This encoding should be consistent throughout
the design.

---

Step 3: Deriving Transition and Output Functions

Transition Function

Using the state encoding, you can create a state
transition table that maps current state and input
to next state and output.

| Present State (Q1Q0) | Input | Next State
(Q1'Q0') | Output | Output Function (Z) |
|------------------------|--------|---------------------|---------|-
--------------------|
| 00 (A) | 0 | 01 (B) | 1 | To be derived |
| 00 (A) | 1 | 10 (C) | 1 | To be derived |
| 01 (B) | 0 | 10 (C) | 0 | To be derived |
| 01 (B) | 1 | 00 (A) | 0 | To be derived |



| 10 (C) | 0 | 01 (B) | 1 | To be derived |
| 10 (C) | 1 | 00 (A) | 1 | To be derived |

Note: The output values are taken from the
transition labels.

Output Function

Depending on the design, the output Z can be a
function of the present state, input, or both. For
simplicity, assume the output depends only on the
current state and/or input, or just on the current
state, as per requirements.

---

Step 4: Deriving Flip-Flop Input Equations

Since D flip-flops are used, the next state is
directly controlled by the input D, which is set to
the value that will produce the desired next state
on the next clock pulse.

D Flip-Flop Characteristic

- Next State: Q+ = D
- To find D, derive the Boolean expressions for
each flip-flop (Q1, Q0) based on current state and
input.



Deriving D1 and D0

Construct truth tables for D1 and D0, relating
current state (Q1Q0), input (X), and next state
(Q1'Q0').

Example for D1 (flip-flop controlling Q1):

| Q1 | Q0 | X | Q1' | Q0' | D1 = Q1' |
|-----|-----|---|-----|-----|----------|
| 0 | 0 | 0 | 0 | 1 | 0 |
| 0 | 0 | 1 | 1 | 0 | 1 |
| 0 | 1 | 0 | 1 | 0 | 1 |
| 0 | 1 | 1 | 0 | 0 | 0 |
| 1 | 0 | 0 | 0 | 1 | 0 |
| 1 | 0 | 1 | 0 | 0 | 0 |

From the table, derive Boolean expressions for D1
and D0 using Karnaugh maps or Boolean algebra.

---

Step 5: Simplifying Logic Expressions

Use Karnaugh maps (K-maps) to simplify the
Boolean functions for D1 and D0.

Example for D1



- Group the 1s in the K-map for D1
- Derive minimized Boolean expression, e.g.:

D1 = (Q1'Q0X') + (Q1Q0'X) + other simplified
terms

Similarly, derive D0.

Final Equations

Suppose, after simplification:

- D1 = Q1'Q0X' + Q1Q0'X
- D0 = Q1'Q0'X + Q1Q0X

The actual equations depend on the specific
transitions.

---

Step 6: Designing the Circuit

With the Boolean expressions for D1 and D0, you
can now design the combinational logic circuitry:

- Use AND, OR, NOT gates to implement the
expressions
- Feed the outputs into the D inputs of the flip-
flops



- Connect the flip-flops in a master-slave or edge-
triggered configuration, driven by a clock signal

Output Logic

- Implement the output function based on current
state (Q1Q0) and input (X). For example:

Z = Q1'Q0 + X

or as per derived expressions.

---

Step 7: Assembling the Complete System

The complete circuit includes:

- Two D flip-flops with inputs D1 and D0
- Combinational logic generating D1 and D0
signals
- Input signals (e.g., X)
- Output logic generating Z
- Clock to synchronize state transitions

Ensure proper wiring, clocking, and reset
circuitry as needed.

---



Step 8: Verification and Testing

Once assembled, verify the circuit:

- Use a truth table or simulation software
- Test all input combinations
- Confirm that the circuit transitions through
states as per the state diagram
- Check that the output matches the specified
output for each transition

---

Conclusion

Designing a sequential circuit based on a given
state diagram using D flip-flops involves a
systematic approach:

1. Interpreting the state diagram and assigning
binary encodings.
2. Deriving transition and output functions.
3. Simplifying Boolean expressions for flip-flop
inputs.
4. Implementing combinational logic and
connecting to flip-flops.
5. Verifying the design through testing.

This process exemplifies the core principles of



finite state machine design, bridging theoretical
concepts with practical circuit implementation.
Mastery of these steps is essential for developing
reliable digital systems, from simple controllers
to complex state machines.

---

By understanding and applying these principles,
engineers and students can effectively translate
state diagrams into functional digital circuits,
harnessing the power of D flip-flops and
combinational logic to achieve desired sequential
behaviors.
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