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Designing a synchronous counter that follows a specific sequence is a fundamental task in digital
electronics, often encountered in applications such as state machines, digital clocks, and sequence
detectors. In this comprehensive guide, we will explore the steps to design a synchronous counter
that progresses through a given sequence of states, ensuring clarity and depth to aid understanding.
This discussion will cover the problem statement, the analysis process, state diagram creation,
excitation table development, flip-flop input logic derivation, and finally, the implementation
considerations.

Understanding the Problem and Its Significance

What Is a Synchronous Counter?

A synchronous counter is a type of digital counter where all flip-flops are triggered simultaneously
by a common clock signal. Unlike asynchronous counters, which have ripple effects due to
sequential triggering, synchronous counters maintain a predictable and stable operation, making
them suitable for high-speed applications.

Why Design a Counter with a Specific Sequence?

Designing counters with predefined sequences allows for controlled state transitions, essential in
applications like pattern recognition, control systems, and data encoding. For this problem, the
sequence must be carefully analyzed and implemented to ensure the counter cycles correctly
through the specified states.

Problem Statement Recap

The task is to design a 3-bit synchronous counter that advances through a specific sequence of
states. While the exact sequence isn't explicitly provided here, typical sequences might include
sequences like:

-000-001-011-010-110-111 - 101 - 100 - back to 000



or similar patterns. The key is to analyze the sequence, determine the required state transitions, and
implement the logic using flip-flops.

Step 1: Analyzing the Sequence and Defining States

Identify the Sequence and States

The first step involves clearly defining the sequence of states the counter must follow. This involves
listing all states in order, assigning binary codes, and understanding the transition pattern.

Example Sequence:

| Current State | Next State |
I I |

| 000 | 001 |

| 001 | 011 |

| 011|010 |

| 010 | 110 |

| 110 | 111 |

| 111 | 101 |

| 101 | 100 |

| 100 | 000 |

Note: This is an example sequence; actual sequence may vary according to the problem statement.
Assigning Binary Codes:

- Each state can be represented with three bits: Q2 Q1 QO.
- The sequence must be followed precisely to ensure correct operation.

Understanding the sequence:
- The sequence forms a cycle of 8 states.

- The transitions are deterministic, and the counter must move from one state to the next in the
sequence.

Implication for Design

- The sequence's deterministic nature allows us to model it as a finite state machine (FSM).
- The design will include state encoding, transition logic, and output logic, if applicable.



Step 2: Creating the State Diagram and Transition
Table

State Diagram

A state diagram visually represents the states and their transitions:

- Circles: represent states (e.g., 000, 001, 011, etc.).

- Arrows: indicate the transition from one state to the next.

- Labels: show the condition or clock triggering the transition (for synchronous counters, transitions
happen on the clock edge).

Steps to draw the diagram:

1. Draw circles labeled with each state.
2. Connect each circle with an arrow pointing to the next state in the sequence.
3. Complete the cycle by connecting the last state back to the initial state.

Transition Table

Construct a table listing current states and their corresponding next states:

| Current State (Q2 Q1 QO) | Next State (Q2' Q1' Q0") |
I | |

| 000 | 001 |

| 001 | 011 |

[ 011 | 010 |

| 010 | 110 |

| 110 | 111 |

| 111 | 101 |

| 101 | 100 |

| 100 | 000 |

This table forms the foundation for deriving the logic equations for flip-flop inputs.

Step 3: Developing the Excitation and Transition Tables

Choosing the Flip-Flops

Common flip-flops used include:



- JK Flip-Flops
- T Flip-Flops
- D Flip-Flops

For this design, we will assume JK flip-flops, which are versatile and widely used.

Transition and Excitation Tables for JK Flip-Flops

The JK flip-flop excitation table:

| Present State (Q) | Next State (Q') |J | K|
| | -
|0]0]0[X]|

|0[1]1[X]

|T10]X]|1]

|T[1]X]0]

Note: 'X' indicates don't care conditions.

Deriving J and K inputs:

- For each flip-flop (Q2, Q1, QO0), determine the required J and K inputs based on current and next
states.

- Use the excitation table to find the necessary logic.

Example:

Suppose QO transitions from 0 to 1:

- Since QO goes from 0 to 1, J0=1, KO=X (don't care).

Similarly, for each flip-flop, create columns for J and K based on the transition table.

Step 4: Deriving Logic Expressions for Flip-Flop Inputs

Formulating the Boolean Equations

Using the excitation table, derive minimal Boolean expressions for each flip-flop input:

-For]J2,]1,]J0
- For K2, K1, KO

Methodology:

1. List the current states and required transitions for each flip-flop.



2. Use Karnaugh maps (K-maps) or Boolean algebra to simplify expressions.
3. Ensure the equations are optimized for minimal logic implementation.

Sample Derivation:
Suppose:

- Q2 transitions: 0—0, 0-0, 0-1, etc.
- J2 and K2 are derived accordingly.

Repeat this process for Q1 and QO flip-flops.

Sample Expressions (Hypothetical)

-J2=01 Q0 + Q2
- K2 = Q2' Q0
-J1=Q2Q0 + Q1"
-K1 = Q1 Q0
-J0=Q2' Q1" + Q0
-K0 =Q0

Note: These are illustrative; actual expressions depend on the sequence.

Step 5: Implementing the Counter Circuit

Logic Gate Implementation

Based on the derived expressions, design the combinational logic circuitry to generate the J and K
inputs for each flip-flop:

- Use AND, OR, and NOT gates as necessary.
- Connect the outputs of logic gates to the J and K inputs.

Counter Wiring and Clocking

- Connect all flip-flops to a common clock signal.

- Ensure that flip-flops are triggered on the same clock edge (positive or negative, based on design
choice).

- Connect the logic outputs to the flip-flop inputs as per the derived equations.



Ensuring Synchronous Operation

- All flip-flops should receive the clock simultaneously.
- The combinational logic should be optimized for minimal propagation delay.
- Proper decoupling and signal integrity practices should be employed.

Step 6: Testing and Validation

Simulation

- Use simulation tools such as Multisim, ModelSim, or Logisim.
- Verify that the counter progresses through the sequence accurately.
- Check for glitches, race conditions, or timing issues.

Hardware Implementation

- Build the circuit on a breadboard or FPGA.
- Test manually by observing the outputs or using an oscilloscope.
- Confirm the counter follows the specified sequence.

Additional Considerations and Best Practices

- Reset Logic: Implement asynchronous or synchronous reset to initialize the counter to a known
state.

- Glitch Prevention: Use proper timing analysis to prevent metastability.

- Power Consumption: Optimize logic to reduce power, especially in large-scale applications.

- Scalability: Design with future modifications in mind, allowing for sequence extension.

Conclusion

Designing a synchronous counter that follows a specific sequence involves a systematic approach
that combines state diagram analysis, transition table formulation, flip-flop excitation logic
derivation, and circuit implementation. By carefully selecting flip-flops, deriving minimal logic
equations, and verifying through simulation and testing, a reliable and efficient counter can be
developed. This process underscores fundamental principles of digital design and demonstrates
practical applications of finite state machines in digital systems.

Understanding and



Frequently Asked Questions

What is the main objective in designing the synchronous
counter described in Chapter 7, Problem 8c?

The main objective is to design a synchronous counter that follows a specific sequence of states as
outlined in the problem, ensuring correct state transitions with minimal propagation delay.

What types of flip-flops are typically used in designing a
synchronous counter for this problem?

JK or T flip-flops are commonly used because of their toggling capabilities, which simplify the
implementation of state transitions in the counter.

How do you determine the next state for each flip-flop in the
counter design?

The next state is determined by analyzing the desired sequence and deriving the excitation
equations, often using Karnaugh maps or truth tables to simplify flip-flop input requirements.

What is the significance of the state table in designing this
counter?

The state table provides a clear mapping of current states to next states, serving as the foundation
for deriving flip-flop input equations and designing the logic circuitry.

How do you handle the initial state and reset conditions in the
counter design?

A reset circuit or logic is incorporated to initialize the counter to a known starting state, ensuring
predictable operation when the system is powered on or reset.

What are common challenges in designing counters that go
through complex sequences like in Problem 8c?

Challenges include ensuring glitch-free transitions, minimizing propagation delays, and correctly
deriving excitation equations for non-trivial sequences.

How can you verify the correctness of your designed
synchronous counter?

Verification can be done through simulation using digital design software, manually checking the
state transitions, or implementing the circuit on hardware and observing the sequence.



What are the practical applications of such custom-designed
synchronous counters?

Custom synchronous counters are used in digital systems for sequence generation, frequency
division, event counting, and control applications where specific state sequences are required.

Additional Resources

Chapter 7, Problem 8c: Design A Synchronous Counter That Goes Through The Following Sequence
is a classic problem in digital logic design that challenges engineers and students to develop a
sequential circuit capable of generating a specific, predetermined sequence of states. This problem
not only tests one's understanding of flip-flops, combinational logic, and state transition diagrams
but also emphasizes the importance of careful design considerations such as minimizing power
consumption, ensuring reliable operation, and optimizing for speed.

In this comprehensive review, we will explore the intricacies of designing such a synchronous
counter, breaking down the problem requirements, the theoretical foundations needed for an
effective solution, and practical implementation strategies. We will also analyze the advantages and
disadvantages of various design approaches, providing insights into best practices for tackling
complex sequential circuit problems like this.

Understanding the Problem: Sequence Specification
and Design Goals

Before diving into the design process, it is crucial to fully understand the problem statement and the
specific sequence the counter must generate.

Sequence Definition
The problem specifies a sequence of states that the counter must traverse. Typically, such a
sequence could be a custom pattern like:

0,1, 3,2,6, 7,5, 4, then repeats.

Alternatively, it could be an arbitrary sequence defined in the problem. The key is that the sequence
is predetermined and must be generated in order.

Design Goals and Constraints

- The counter should be synchronous, meaning all flip-flops are triggered simultaneously on a
common clock edge.
- The sequence should be strictly followed, with the counter transitioning from one state to the next



as specified.
- The design should minimize hardware complexity and power consumption.
- The circuit should be reliable and capable of operating at the desired clock frequency.

Understanding these goals guides the selection of flip-flops, logic gates, and state encoding
schemes.

Step 1: State Diagram and State Table Construction

The initial step in designing the counter is to create a clear state diagram and a corresponding state
table.

Creating the State Diagram

- Assign each state a binary code.
- Draw directed edges indicating the transition from one state to the next according to the sequence.
- Include any special conditions or reset states if necessary.

For example, if the sequenceis0->1-3-2-6 -7 -5 - 4 - repeat, then:

- State 0: binary 000
- State 1: binary 001
- State 3: binary 011
- State 2: binary 010
- State 6: binary 110
- State 7: binary 111
- State 5: binary 101
- State 4: binary 100

Plotting these states and transitions visually helps in understanding the sequence flow and in
identifying potential cycles or loops.

State Table Development

Construct a table listing current states and their corresponding next states:

| Present State (Q2 Q1 QO) | Next State (Q2+ Q1+ QO0+) |
| | |

| 000 | 001 |

| 001 | 011 |

| 011 | 010 |

| 010 | 110 |

| 110 | 111 |

| 111 | 101 |

| 101|100 |




| 100 | 000 |

This table is fundamental for deriving the flip-flop input equations.

Step 2: State Encoding and Flip-Flop Selection

Choosing the right encoding scheme and flip-flop type is critical in simplifying the logic.

State Encoding Strategies

- Binary Encoding: Uses minimal bits; efficient but may lead to complex logic.

- Gray Code: Changes only one bit between successive states, reducing glitches.

- One-Hot Encoding: Each state represented by a flip-flop; simplifies logic at the expense of more
flip-flops.

In this case, binary encoding is most common, especially when minimizing flip-flops is a priority.

Flip-Flop Type Selection

- JK Flip-Flops: Provide toggle, set, clear, and hold capabilities; versatile.
- D Flip-Flops: Simple to use; the next state directly feeds the D input.
- T Flip-Flops: Useful for toggling; can be derived from JK or D flip-flops.

Given the complexity of the sequence, JK or D flip-flops are suitable options. D flip-flops are often
preferred for their simplicity in combinational logic derivation.

Step 3: Derivation of Flip-Flop Input Equations

This step involves finding Boolean expressions for flip-flop inputs based on the current state and the
desired next state.

Using the State Table

- For each flip-flop (Q2, Q1, QO0), determine the required input signals.
- Derive Karnaugh maps or Boolean expressions for each flip-flop input.

For D flip-flops, the input equations are straightforward: D = next state value.

For JK flip-flops, the equations depend on the current and next states:



-] = (Q AND next Q) OR (Q AND next Q)
- K = (Q AND next Q) OR (Q AND next Q)

Using Karnaugh maps simplifies the process and helps minimize logic.

Step 4: Logic Circuit Implementation

Once the Boolean expressions are established, designing the combinational logic network becomes
straightforward.

Implementing the Logic

- Use logic gates (AND, OR, NOT, XOR) to realize the Boolean functions.
- Connect the outputs of these gates to the flip-flop inputs.
- Ensure the circuit is synchronized with the clock signal.

Additional Considerations

- Include reset logic if the counter needs an initial state.
- Minimize propagation delays to maintain high clock speeds.
- Consider debouncing if mechanical switches are involved in manual resets.

Step 5: Verification and Testing

After creating the logic circuit, thorough testing ensures correct operation.

Simulation

- Use digital simulation tools like ModelSim or Logisim.
- Validate that the sequence is generated correctly over multiple cycles.
- Check for glitches or unintended state transitions.

Hardware Implementation

- Build the circuit on a breadboard or FPGA.
- Use LEDs to monitor states visually.
- Apply the clock and verify that the sequence proceeds as designed.



Advantages and Disadvantages of Different Design
Approaches

When designing such custom counters, various methods offer distinct benefits and drawbacks.

Binary vs. Gray Code Encoding

- Binary Encoding

- Pros: Fewer flip-flops, simple Boolean equations.

- Cons: Multiple bits change between states, leading to glitches.
- Gray Code

- Pros: Only one bit changes per transition, reducing hazards.

- Cons: Slightly more complex to generate and decode.

One-Hot vs. Binary Encoding

- One-Hot
- Pros: Simplifies logic; easier to detect specific states.
- Cons: Requires more flip-flops, increasing hardware.

Implementation Strategies

- Combinational Logic-Based Counter (D or JK flip-flops)

- Pros: Efficient in terms of flip-flops needed.

- Cons: May involve complex logic expressions.

- Mealy vs. Moore Machines

- The counter typically acts as a Moore machine; output depends only on the current state,
simplifying design but possibly increasing latency.

Design Optimization and Practical Tips

To enhance the efficiency and reliability of the counter:

- Use Karnaugh maps to minimize Boolean functions.

- Opt for D flip-flops for straightforward implementation.

- Implement asynchronous reset for easy initialization.

- Avoid race conditions by ensuring proper synchronization.
- Test with simulation before hardware implementation.



Conclusion

Designing a synchronous counter that follows a specific sequence, as posed in Chapter 7, Problem
8c, exemplifies core concepts in digital logic design: state encoding, flip-flop selection, Boolean
simplification, and circuit implementation. The process involves translating a sequence into a state
diagram, deriving flip-flop input equations, and constructing the combinational logic to guide the
state transitions accurately. While there are multiple approaches, balancing complexity, hardware
resources, and reliability is essential for an optimal design.

This problem not only reinforces theoretical understanding but also highlights practical
considerations such as minimizing glitches, ensuring synchronization, and testing thoroughly.
Whether as an academic exercise or a real-world application, mastering this type of counter design
is fundamental to developing more complex digital systems like communication protocols, control
units, and embedded systems.

By carefully analyzing each step, choosing appropriate encoding schemes, and employing systematic
Boolean reduction, engineers can create efficient, reliable counters tailored to specific sequencing
requirements. The skills gained through solving such problems are foundational for advancing in
digital system design and embedded system development.

In summary:

- Understanding the sequence and translating it into a state diagram is foundational.
- Selecting the right encoding and flip-flop type simplifies the design.

- Deriving Boolean equations through Karnaugh maps enhances circuit efficiency.

- Simulation and testing are critical to verify correct operation.

- Evaluating pros and cons of
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