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Designing combinational circuits is a fundamental aspect of digital electronics that enables the
implementation of logical functions essential for computer systems, digital devices, and automation.
In particular, creating a combinational circuit with three inputs and a single output involves
understanding how to manipulate binary variables to produce desired output conditions. This article
provides a comprehensive guide to designing such a circuit, focusing on the specific scenario where
the output becomes 1 when the binary inputs meet certain criteria. We will explore the logical
conditions, truth tables, Boolean expressions, circuit implementation, and optimization techniques to
ensure an efficient and effective design.

Understanding Combinational Circuits

What Are Combinational Circuits?
Combinational circuits are digital logic circuits whose output depends solely on the current inputs,
without any memory or feedback elements. They perform a specific logic function based on input
signals, producing a predictable output. Examples include adders, multiplexers, encoders, decoders,
and logic gates.

Key Characteristics of Combinational Circuits
- Input-Output Dependency: The output is a direct function of the current inputs.
- No Memory Elements: They do not store previous input states.
- Deterministic Behavior: For any combination of inputs, the output is fixed.

Defining the Problem: Three Inputs and One Output

Inputs and Output Description
Assuming three binary inputs: A, B, and C, the goal is to design a circuit where the output (denoted
as F) is 1 under specific binary conditions. The inputs are typically represented as:
- A (most significant bit)
- B (middle bit)
- C (least significant bit)



The output F is a function of these inputs:
- \(F = f(A, B, C)\)

Understanding the Conditions for the Output
The key is to define the conditions under which the output should be 1. For this scenario, the
condition is:
- The output is 1 when the binary inputs satisfy specific logical criteria.

For example, the problem statement suggests that the output F should be 1 when the inputs meet a
certain pattern, such as when the inputs are equal, or when they satisfy certain logical relations.
Let's specify a common condition:
"The output is 1 when the binary input combination corresponds to a specific set of input states."

Suppose, for illustration:
- F = 1 when the inputs are 3 (011), 5 (101), or 6 (110)
- F = 0 for other input combinations

This is a typical example to demonstrate how to design the circuit based on specified truth
conditions.

Constructing the Truth Table

A truth table provides a complete overview of all possible input combinations and their
corresponding outputs.

| A | B | C | F |
|---|---|---|---|
| 0 | 0 | 0 | 0 |
| 0 | 0 | 1 | 0 |
| 0 | 1 | 0 | 0 |
| 0 | 1 | 1 | 1 |
| 1 | 0 | 1 | 1 |
| 1 | 1 | 0 | 1 |
| 1 | 1 | 1 | 0 |

Here, the output F is 1 for input combinations corresponding to decimal 3, 5, and 6.

Deriving the Boolean Expression

Based on the truth table, the next step is to derive a simplified Boolean expression for F.



Sum of Minterms
The output F can be expressed as a sum of minterms, where each minterm corresponds to an input
combination that results in F=1.

- For 011 (A=0, B=1, C=1): \( \overline{A} \cdot B \cdot C \)
- For 101 (A=1, B=0, C=1): \( A \cdot \overline{B} \cdot C \)
- For 110 (A=1, B=1, C=0): \( A \cdot B \cdot \overline{C} \)

The Boolean expression is:
\[ F = \overline{A} \cdot B \cdot C + A \cdot \overline{B} \cdot C + A \cdot B \cdot \overline{C} \]

Boolean Simplification
Using Boolean algebra laws, simplify the expression:

\[ F = \overline{A} \cdot B \cdot C + A \cdot \overline{B} \cdot C + A \cdot B \cdot \overline{C} \]

Factor common terms where possible:

Observe that the first two terms share C:

\[ F = C (\overline{A} \cdot B + A \cdot \overline{B}) + A \cdot B \cdot \overline{C} \]

The expression within parentheses is an XOR:

\[ \overline{A} \cdot B + A \cdot \overline{B} = A \oplus B \]

Thus, the simplified Boolean expression becomes:

\[ F = C \cdot (A \oplus B) + A \cdot B \cdot \overline{C} \]

This is a minimal and efficient expression for the given conditions.

Implementing the Circuit

Now, translate the simplified Boolean expression into a digital circuit.

Logic Gates Required
- XOR gate: for \(A \oplus B\)
- AND gates: for \(C \cdot (A \oplus B)\) and \(A \cdot B \cdot \overline{C}\)
- OR gate: to combine the two parts



Step-by-Step Circuit Construction
1. Input signals: Connect inputs A, B, and C to the circuit.
2. XOR gate: Connect A and B to an XOR gate to produce \(A \oplus B\).
3. AND gate 1: Connect C and the output of XOR gate to an AND gate.
4. AND gate 2: Connect A and B to an AND gate, then connect the output to an inverter (NOT gate)
to get \(\overline{C}\). Connect this to an AND gate with A and B.
5. Final OR gate: Connect outputs from the two AND gates to an OR gate to produce the final output
F.

Complete Circuit Diagram Overview
While a visual diagram would be ideal, the key is to connect the gates as described above, ensuring
correct logic flow for accurate implementation.

Optimizations and Practical Considerations

Minimization Techniques
- Use Boolean algebra to simplify expressions before hardware implementation.
- Apply Karnaugh maps for systematic minimization.
- Use multi-input gates where possible to reduce gate count.

Reducing Propagation Delay
- Use faster logic families suitable for the application.
- Minimize the number of gate levels to improve speed.
- Place logic gates strategically on the PCB or FPGA to optimize signal paths.

Power Consumption and Cost Efficiency
- Select low-power logic components for portable or energy-sensitive applications.
- Consider integrated logic ICs to reduce component count and cost.

Testing and Verification

Simulation Tools
- Use digital circuit simulation software like Logisim, Proteus, or ModelSim to verify the design
before physical implementation.



Test Cases
- Input all possible combinations of A, B, C.
- Verify that the output F matches the expected value based on the truth table.
- Check for anomalies or logic errors.

Conclusion

Designing a combinational circuit with three inputs and one output requires a clear understanding of
the logical conditions, Boolean algebra, and efficient circuit implementation. By defining the truth
table, deriving the Boolean expression, simplifying it, and translating it into a hardware schematic,
you can create a reliable and optimized digital circuit. This process is fundamental to digital
electronics and lays the groundwork for more complex logic design, such as multiplexers, encoders,
and arithmetic units. Proper testing and validation ensure the circuit functions correctly under all
input conditions, leading to robust digital systems.

SEO Keywords: combinational circuit design, three-input logic circuit, Boolean algebra, truth table,
logic gate implementation, digital circuit optimization, XOR gate, AND gate, OR gate, circuit
minimization, digital electronics, Boolean simplification, circuit testing.

Frequently Asked Questions

What is the primary goal when designing a combinational
circuit with three inputs and one output?
The primary goal is to develop a circuit that produces a specific output based solely on the current
values of the three inputs, ensuring predictable and logic-driven behavior without memory elements.

How do you determine the output for a combinational circuit
with three inputs when the output is 1 when the binary input
equals a specific pattern?
You analyze the truth table for all input combinations, identify the input combinations where the
output should be 1, and then derive the Boolean expression or logic circuit that produces this output
based on those conditions.

What logic gates are commonly used to implement a
combinational circuit with three inputs and a specific output
condition?
AND, OR, and NOT gates are commonly used to implement the desired logic function, often
combined to simplify the Boolean expression and achieve the required output pattern.



In the context of designing a circuit where the output is 1
when the binary input is 101, how would you derive the
Boolean expression?
Identify the input combination (A=1, B=0, C=1), then write the product term: A AND NOT B AND C,
which forms the Boolean expression: A·¬B·C.

What are the steps involved in designing a combinational
circuit with three inputs and one output for a specific binary
pattern?
First, create the truth table for all input combinations, determine where the output should be 1,
derive the corresponding Boolean expression, simplify it if possible, and then implement the circuit
using logic gates based on that expression.

Additional Resources
Combinational Circuit Design with Three Inputs and a Single Output: A Comprehensive Guide

Designing digital logic circuits is a foundational aspect of electronics engineering, underpinning
everything from simple household appliances to complex computer systems. Among these,
combinational circuits stand out due to their straightforward, memoryless nature—where the output
solely depends on the current inputs. This article offers an in-depth exploration of designing a
combinational circuit with three inputs and one output, focusing on the scenario where the output is
1 when the binary inputs satisfy a specific condition.

Whether you're a student honing your digital design skills or an engineer seeking a refresher, this
guide aims to equip you with a thorough understanding of the principles, design process, and
practical considerations involved in such a circuit.

---

Understanding the Basics of Combinational Circuits

Before diving into the specifics of the design, it’s essential to grasp what combinational circuits
entail.

What Is a Combinational Circuit?

A combinational circuit is a type of digital logic circuit where the output is determined directly by
the current combination of inputs. It does not have any memory or feedback loops; hence, the output
changes immediately as inputs change.



Key features:
- The output is a Boolean function of the inputs.
- No internal storage elements (like flip-flops or registers).
- The behavior can be represented using truth tables, Boolean expressions, or logic diagrams.

Typical Examples of Combinational Circuits
- Adders (e.g., half adder, full adder)
- Multiplexers and Demultiplexers
- Encoders and Decoders
- Comparators

---

Designing a Circuit with Three Inputs and a Single
Output

The core challenge is defining the specific condition under which the output is 1, given the three
inputs. This involves:

- Defining the input variables
- Formulating the Boolean function that describes the desired behavior
- Translating this function into a logic circuit

Let's assume three binary inputs: A, B, and C, and a single output Y.

---

Defining the Output Condition: When Is Y = 1?

The phrase "The Output Is 1 When The Binary..." suggests a specific condition or set of conditions
for the input combinations. For illustration, we'll consider several common scenarios and then focus
on one to detail the design process.

Scenario 1: Output is 1 When All Inputs Are 1 (Majority Function)

Condition:
Y = 1 if A = 1, B = 1, C = 1
Y = 0 otherwise

Boolean expression:
Y = A · B · C

Scenario 2: Output is 1 When Exactly Two Inputs Are 1



Condition:
Y = 1 when any two of the three inputs are 1, and the third is 0

Boolean expression:
Y = (A · B · C') + (A · B' · C) + (A' · B · C)

Scenario 3: Output is 1 When At Least One Input Is 1

Condition:
Y = 1 if any input is 1

Boolean expression:
Y = A + B + C

---

Choosing the Appropriate Scenario and Deriving the
Boolean Function

For this article, we'll focus on Scenario 2: Exactly Two Inputs Are 1, as it offers a more interesting
and illustrative example for circuit design.

Boolean function:
\[ Y = (A \cdot B \cdot C') + (A \cdot B' \cdot C) + (A' \cdot B \cdot C) \]

This function detects when exactly two of the three inputs are high.

---

Step-by-Step Circuit Design Process

Designing this circuit involves several stages:

1. Simplify the Boolean Expression (if possible)

In this case, the expression is already minimal but can be expressed differently for easier
implementation.

2. Create a Truth Table

| A | B | C | Y |
|---|---|---|---|
| 0 | 0 | 0 | 0 |
| 0 | 0 | 1 | 0 |
| 0 | 1 | 0 | 0 |
| 0 | 1 | 1 | 1 |



| 1 | 0 | 0 | 0 |
| 1 | 0 | 1 | 1 |
| 1 | 1 | 0 | 1 |
| 1 | 1 | 1 | 0 |

3. Implement the Circuit Using Logic Gates

Based on the Boolean expression, the circuit will comprise:

- AND gates to implement the minterms
- OR gate to combine the minterms

4. Logic Diagram Construction

- AND gates:
- First AND gate for \(A \cdot B \cdot C'\): inputs A, B, and inverted C
- Second AND gate for \(A \cdot B' \cdot C\): inputs A, inverted B, C
- Third AND gate for \(A' \cdot B \cdot C\): inputs inverted A, B, C

- Inverters:
- To generate \(A'\), \(B'\), \(C'\)

- OR gate:
- To combine the outputs of the three AND gates, producing the final output Y

---

Practical Implementation: Building the Circuit

Let's delve into the practical aspects of building this combinational circuit.

Components Needed:

- AND gates: 3 units (3-input)
- OR gate: 1 unit (3-input)
- NOT gates (Inverters): 3 units (for A, B, C)
- Input switches or signals: representing A, B, C
- Output indicator: LED or similar device

Wiring and Connections:

1. Connect input A to inverter A' and directly to the first and third AND gates.
2. Connect input B to inverter B' and directly to the second AND gate.
3. Connect input C to inverter C' and directly to the first AND gate.

Then:

- First AND gate: inputs A, B, C'
- Second AND gate: inputs A, B', C



- Third AND gate: inputs A', B, C

Finally:

- Connect the outputs of these AND gates to the inputs of a 3-input OR gate.
- The OR gate's output is the final output Y.

---

Testing and Verification

Once constructed, it’s vital to verify that the circuit behaves as expected.

Testing Procedure:

- Use input switches to set various combinations of A, B, and C.
- Observe the output (Y).
- Confirm that Y is 1 only when exactly two inputs are high.
- Confirm the output is 0 otherwise.

Validation:

| A | B | C | Expected Y | Actual Y |
|---|---|---|--------------|------------|
| 0 | 0 | 0 | 0 | |
| 0 | 0 | 1 | 0 | |
| 0 | 1 | 0 | 0 | |
| 0 | 1 | 1 | 1 | |
| 1 | 0 | 0 | 0 | |
| 1 | 0 | 1 | 1 | |
| 1 | 1 | 0 | 1 | |
| 1 | 1 | 1 | 0 | |

---

Extending the Design: Other Scenarios and
Applications

The process demonstrated here can be adapted to various other input-output conditions. Here are
some common extensions:

- Majority Function: Output is 1 when the majority of inputs are high.
- Parity Checkers: Detect whether the number of high inputs is even or odd.
- Custom Conditions: Based on specific logical expressions for specialized applications such as error
detection, control systems, or digital communication.



---

Design Considerations and Optimization

While designing combinational circuits, consider the following:

- Gate Delay: Minimize the number of gates to reduce propagation delay.
- Power Consumption: Use efficient logic families and minimize unnecessary gates.
- Physical Layout: For hardware implementation, optimize wiring to reduce interference and signal
delay.
- Scalability: Design with future expansion or integration in mind.

---

Conclusion: Mastering the Art of Combinational Circuit
Design

Designing a combinational circuit with three inputs and a single output involves understanding
Boolean algebra, truth tables, and logic gate implementation. By clearly defining the conditions
under which the output is high, simplifying the Boolean expression, and translating it into a circuit
diagram, engineers can create reliable, efficient digital systems.

The example of detecting when exactly two inputs are high illustrates both the practical steps and
the theoretical foundation needed for complex digital logic design. Mastery of these principles not
only enhances technical skills but also opens the door to innovative applications across computing,
telecommunications, automation, and beyond.

As with any engineering endeavor, iterative testing and refinement are vital. With careful planning
and execution, such combinational circuits form the building blocks of sophisticated digital
architectures, driving the continuous evolution of technology.

---
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