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Understanding the fundamentals of digital logic circuits is essential for anyone involved in electronics and
computer engineering. Logical expressions such as Sum of Products (SOP) and Product of Sums (POS) serve
as foundational tools in designing, analyzing, and simplifying digital circuits. This article provides a
comprehensive explanation of SOP and POS forms, focusing on three common three-input logic gates: the
AND gate, XOR gate, and NAND gate. By exploring their truth tables, deriving their SOP and POS
expressions, and discussing their practical applications, readers will gain a thorough understanding of these
essential digital logic components.

---

Introduction to SOP and POS Expressions

Before diving into specific gates, it is crucial to understand what SOP and POS expressions are and why
they are important in digital logic design.

What are SOP and POS Expressions?
- Sum of Products (SOP): An SOP expression is a logical sum (OR) of multiple product (AND) terms. It is a
canonical form that simplifies the implementation of logic functions using AND and OR gates.
- Product of Sums (POS): Conversely, a POS expression is a logical product (AND) of multiple sum (OR)
terms. It is another canonical form suited for different circuit implementations.

Why Use SOP and POS Forms?
- They simplify complex logic functions, making circuit design more efficient.
- They assist in minimizing the number of logic gates and connections.
- They provide a standardized way to represent Boolean functions, aiding in troubleshooting and
optimization.

---



3-input AND Gate

The 3-input AND gate is a basic digital logic gate that outputs high (1) only when all three inputs are high.

Truth Table of a 3-input AND Gate
| Input A | Input B | Input C | Output (Y) |
|---------|---------|---------|------------|
| 0 | 0 | 0 | 0 |
| 0 | 0 | 1 | 0 |
| 0 | 1 | 0 | 0 |
| 0 | 1 | 1 | 0 |
| 1 | 0 | 0 | 0 |
| 1 | 0 | 1 | 0 |
| 1 | 1 | 0 | 0 |
| 1 | 1 | 1 | 1 |

Key Point: The output is high only when A=1, B=1, and C=1.

Deriving the SOP Expression for 3-input AND Gate
Given the truth table, the SOP expression is derived by OR-ing all the minterms where the output is 1.

- The only minterm where the output is 1 is when A=1, B=1, C=1.
- The minterm expression for this case is: ABC.

SOP Expression:
```plaintext
Y = ABC
```

This is a straightforward expression since the AND gate's output is high only when all inputs are high.

Deriving the POS Expression for 3-input AND Gate
The POS form involves OR-ing the maxterms where the output is 0, and then AND-ing these maxterms
together.

- The output is 0 for all input combinations except when all inputs are 1.
- Maxterms are derived by OR-ing the variables, negated if the input is 1 in the minterm, and non-negated



if the input is 0.

Maxterms for output 0:
1. (A + B + C) — when inputs are 0,0,0
2. (A + B + C') — when inputs are 0,0,1
3. (A + B' + C) — when inputs are 0,1,0
4. (A + B' + C') — when inputs are 0,1,1
5. (A' + B + C) — when inputs are 1,0,0
6. (A' + B + C') — when inputs are 1,0,1

POS Expression:
```plaintext
Y = (A + B + C) • (A + B + C') • (A + B' + C) • (A + B' + C') • (A' + B + C) • (A' + B + C')
```

This POS form can be simplified further if needed, but as it stands, it accurately represents the logic
function.

---

3-input XOR Gate

The 3-input XOR gate outputs high (1) when an odd number of inputs are high. It is an extension of the
two-input XOR, which outputs high for inputs with differing values.

Truth Table of a 3-input XOR Gate
| Input A | Input B | Input C | Output (Y) |
|---------|---------|---------|------------|
| 0 | 0 | 0 | 0 |
| 0 | 0 | 1 | 1 |
| 0 | 1 | 0 | 1 |
| 0 | 1 | 1 | 0 |
| 1 | 0 | 0 | 1 |
| 1 | 0 | 1 | 0 |
| 1 | 1 | 0 | 0 |
| 1 | 1 | 1 | 1 |

Key Point: The output is high when an odd number of inputs are high.



Deriving the SOP Expression for 3-input XOR Gate
Identify the input combinations where the output is 1:

- (0,0,1): A'=A, B'=B, C=1
- (0,1,0): A'=A, B= B, C'=C
- (1,0,0): A= A, B'=B, C'=C
- (1,1,1): A= A, B= B, C= C

Expressed as minterms:

1. A' B' C
2. A' B C'
3. A B' C'
4. A B C

SOP Expression:
```plaintext
Y = A' B' C + A' B C' + A B' C' + A B C
```

This expression can be implemented using XOR and AND gates.

Deriving the POS Expression for 3-input XOR Gate
The POS form involves OR-ing the maxterms where the output is 0:

- The output is 0 for input combinations:
- (0,1,1): A'=A, B=B, C=C
- (1,0,1): A=A, B'=B, C=C
- (1,1,0): A=A, B=B, C'=C

Maxterms:

1. (A + B' + C)
2. (A' + B + C)
3. (A' + B' + C')

POS Expression:
```plaintext
Y = (A + B' + C) • (A' + B + C) • (A' + B' + C')
```



This form is useful where implementing XOR directly is complex, and a canonical form is required.

---

3-input NAND Gate

The 3-input NAND gate outputs low (0) only when all three inputs are high; otherwise, it outputs high
(1).

Truth Table of a 3-input NAND Gate
| Input A | Input B | Input C | Output (Y) |
|---------|---------|---------|------------|
| 0 | 0 | 0 | 1 |
| 0 | 0 | 1 | 1 |
| 0 | 1 | 0 | 1 |
| 0 | 1 | 1 | 1 |
| 1 | 0 | 0 | 1 |
| 1 | 0 | 1 | 1 |
| 1 | 1 | 0 | 1 |
| 1 | 1 | 1 | 0 |

Key Point: The output is only low when all inputs are high.

Deriving the SOP Expression for 3-input NAND Gate
Since the NAND gate is the negation of an AND gate, its Boolean expression is:

```plaintext
Y = (A • B • C)'
```

Applying De Morgan's Law:

```plaintext
Y = A' + B' + C'
```

This is the simplest SOP form for the NAND gate.



Deriving the POS Expression for 3-input NAND Gate
The POS form involves AND-ing the maxterms where the output is 1:

- The output is 1 for all input combinations except when all inputs are

Frequently Asked Questions

What are the steps to write the SOP expression for a 3-input AND gate?
To write the SOP (Sum of Products) expression for a 3-input AND gate, identify the input combinations
where the output is 1. Since an AND gate outputs 1 only when all inputs are 1, the SOP expression is
simply A·B·C.

How do you derive the POS expression for a 3-input XOR gate?
The POS (Product of Sums) expression for a 3-input XOR gate is obtained by identifying input
combinations where the output is 0. For XOR, output is 0 when an even number of inputs are 1. The POS
form is (A + B + C')(A + B' + C)(A' + B + C).

Can you explain the SOP expression for a 3-input NAND gate?
Yes, the SOP expression for a 3-input NAND gate is the complement of the AND gate's output. Since the
AND gate's SOP is A·B·C, the NAND gate's SOP is (A·B·C)'.

What is the difference between SOP and POS forms when writing
expressions for these gates?
SOP (Sum of Products) combines minterms with ORs and then ANDs them, representing the sum of
product terms where the output is 1. POS (Product of Sums) combines maxterms with ANDs and then ORs
them, representing the product of sum terms where the output is 0. The choice depends on the circuit's
design requirements.

How do the truth tables influence the SOP and POS expressions for 3-
input gates?
The truth table indicates input combinations and their corresponding outputs. SOP expressions are derived
by OR'ing minterms where output is 1, while POS expressions are formed by AND'ing maxterms where
output is 0. These forms provide algebraic expressions representing the logic.



Why is it important to understand the SOP and POS forms for 3-input
logic gates?
Understanding SOP and POS forms aids in simplifying logic circuits, designing optimized digital systems,
and implementing Boolean functions efficiently in hardware such as programmable logic devices.

How do you simplify complex SOP or POS expressions for 3-input gates?
Simplification can be achieved using Boolean algebra rules or Karnaugh maps, reducing the number of
literals and gates needed, which leads to more efficient circuit designs.

What is the practical application of writing SOP and POS expressions for
these gates?
Practically, these expressions are used in digital circuit design, troubleshooting, and optimization, enabling
engineers to implement specific logic functions in hardware or simulation environments.

Are there any common mistakes to avoid when writing SOP and POS
expressions for 3-input gates?
Yes, common mistakes include misidentifying minterms or maxterms, incorrect application of Boolean
laws, and overlooking input combinations where the output is 0 or 1. Careful analysis of the truth table and
systematic derivation help prevent these errors.

Additional Resources
Write The SOP And POS Expressions: A. 3-input AND Gate. B. 3-input XOR Gate. C. 3-input NAND Gate.

Understanding how to write the Sum of Products (SOP) and Product of Sums (POS) expressions is
fundamental in digital logic design. These canonical forms provide a standardized way of representing
Boolean functions, which are essential for designing and analyzing digital circuits. In this article, we will
explore how to derive SOP and POS expressions for three fundamental types of 3-input logic gates: AND,
XOR, and NAND. This comprehensive guide aims to clarify the process with detailed explanations, truth
tables, and step-by-step derivations.

---

Introduction to SOP and POS Expressions

Before diving into specific gates, let's briefly review what SOP and POS expressions are:



- Sum of Products (SOP): A Boolean expression formed by OR-ing (adding) multiple AND terms, where
each AND term is a product of literals (variables or their complements). SOP expressions are often used
because they are straightforward to implement using AND and OR gates.

- Product of Sums (POS): A Boolean expression formed by AND-ing multiple OR terms. Each OR term
(called a maxterm) includes all variables in complemented or uncomplemented form. POS expressions are
useful for certain types of logic optimization and implementation.

---

Part A: 3-input AND Gate

Overview of the 3-input AND Gate

The 3-input AND gate outputs high (1) only when all three inputs are high. Its Boolean function is:

F = A · B · C

where A, B, and C are the inputs.

---

Step 1: Construct the Truth Table

| A | B | C | F (Output) |
|---|---|---|------------|
| 0 | 0 | 0 | 0 |
| 0 | 0 | 1 | 0 |
| 0 | 1 | 0 | 0 |
| 0 | 1 | 1 | 0 |
| 1 | 0 | 0 | 0 |
| 1 | 0 | 1 | 0 |
| 1 | 1 | 0 | 0 |
| 1 | 1 | 1 | 1 |

Observation: The function outputs 1 only when A=1, B=1, and C=1.

---

Step 2: Derive the SOP Expression

SOP form is a sum (OR) of minterms where the function is 1.



- The only minterm where the function is 1 is for A=1, B=1, C=1.

- The minterm for this case is:

m7 = A·B·C

- Therefore, the SOP expression is simply:

F = A·B·C

Note: Since there is only one minterm, the SOP form is straightforward.

---

Step 3: Derive the POS Expression

POS form is a product (AND) of maxterms where the function is 0.

- The function is 0 for all input combinations except when A=1, B=1, C=1.

- Maxterms correspond to input combinations where the output is 0.

- List all inputs with output 0:

- For A=0, B=0, C=0: maxterm M0 = (A + B + C)
- For A=0, B=0, C=1: M1 = (A + B + C')
- For A=0, B=1, C=0: M2 = (A + B' + C)
- For A=0, B=1, C=1: M3 = (A + B' + C')
- For A=1, B=0, C=0: M4 = (A' + B + C)
- For A=1, B=0, C=1: M5 = (A' + B + C')
- For A=1, B=1, C=0: M6 = (A' + B' + C)

- The POS expression is:

F = (A + B + C) · (A + B + C') · (A + B' + C) · (A + B' + C') · (A' + B + C) · (A' + B + C') · (A' + B' + C)

Summary for the 3-input AND gate:

| Expression | Type | Explanation |
|--------------|--------|--------------|
| F = A·B·C | SOP | Only true when all inputs are 1 |
| F = (A + B + C)(A + B + C')(A + B' + C)... | POS | True when not all inputs are 1 |



---

Part B: 3-input XOR Gate

Overview of the 3-input XOR Gate

The 3-input XOR gate (exclusive OR) outputs high (1) when an odd number of inputs are high. Its Boolean
function is:

F = A ⊕ B ⊕ C

which can be expressed as:

F = (A ⊕ B) ⊕ C

---

Step 1: Construct the Truth Table

| A | B | C | F (Output) |
|---|---|---|------------|
| 0 | 0 | 0 | 0 |
| 0 | 0 | 1 | 1 |
| 0 | 1 | 0 | 1 |
| 0 | 1 | 1 | 0 |
| 1 | 0 | 0 | 1 |
| 1 | 0 | 1 | 0 |
| 1 | 1 | 0 | 0 |
| 1 | 1 | 1 | 1 |

Note: F is 1 when the number of 1s among A, B, C is odd.

---

Step 2: Derive the SOP Expression

Identify the input combinations where F=1:

- A=0, B=0, C=1 → minterm m1 = A' B' C
- A=0, B=1, C=0 → m2 = A' B C'
- A=1, B=0, C=0 → m4 = A B' C'
- A=1, B=1, C=1 → m7 = A B C



SOP expression:

F = A' B' C + A' B C' + A B' C' + A B C

This is the canonical sum of minterms.

Alternatively, express as a simplified Boolean expression:

F = A ⊕ B ⊕ C

which is the standard XOR of three inputs.

---

Step 3: Derive the POS Expression

Maxterms where F=0:

- A=0, B=0, C=0 → M0 = (A + B + C)
- A=0, B=1, C=1 → M3 = (A + B' + C')
- A=1, B=0, C=1 → M5 = (A' + B + C')
- A=1, B=1, C=0 → M6 = (A' + B' + C)

POS expression:

F = (A + B + C)(A + B' + C')(A' + B + C')(A' + B' + C)

---

Part C: 3-input NAND Gate

Overview of the 3-input NAND Gate

The NAND gate outputs low only when all inputs are high; otherwise, it outputs high. Its Boolean
function:

F = (A · B · C)'

which is the complement of AND.

---

Step 1: Construct the Truth Table



| A | B | C | A·B·C | F = (A·B·C)' |
|---|---|---|--------|--------------|
| 0 | 0 | 0 | 0 | 1 |
| 0 | 0 | 1 | 0 | 1 |
| 0 | 1 | 0 | 0 | 1 |
| 0 | 1 | 1 | 0 | 1 |
| 1 | 0 | 0 | 0 | 1 |
| 1 | 0 | 1 | 0 | 1 |
| 1 | 1 | 0 | 0 | 1 |
| 1 | 1 | 1 | 1 | 0 |

Note: The output is 0 only when all inputs are 1.

---

Step 1: Derive the SOP Expression

Since F=1 for all input combinations except when all are 1, the function is:

F = (A' + B') + (A' + C') + (B' + C')

But more straightforwardly, the function is the complement of AND:

F = (A · B · C)'

which, in SOP form, is:

F = A' + B' + C'

This is the sum of literals representing the complement of the AND.
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