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Abstract— Research into the design and performance 

analysis of NAND and NOR gates using CMOS logic at 

45nm technology is a captivating subject in the field of 

VLSI design. NAND and NOR gates because they are 

universal gates and they can form all basic gates (AND, 

OR, NOT, XOR, XNOR) and any logical Boolean 

expression can be implemented using only NAND gates or 

only NOR gates. The investigation involves the creation of 

two-input NAND and NOR gates using a variety of logic 

styles and the subsequent analysis of their performance in 

terms of average power consumption, average propagation 

delay, power-delay product, and transistor count. The 

technology employed is 45nm. The study offers an in-depth 

understanding of the workings of NAND and NOR gates. 

Additionally, the delay, rise time, and fall time are 

computed. The research findings indicate that the NAND 

gate has several advantages over the NOR gate, including 

lower static and dynamic power dissipation, smaller area 

requirement, reduced rise and fall times, and significantly 

lower delay. This knowledge equips engineers with the 

ability to develop increasingly sophisticated and efficient 

digital systems. By understanding these configurations, the 

abstract lays the groundwork for further exploration of 

complex digital circuits built upon these fundamental 

NAND and NOR gates. The construction and testing of 

NAND and NOR gates have been performed using Tanner 

EDA v15. An in-depth examination of delay and power for 

various logic styles of the NAND and NOR gate has been 

conducted. Additionally, a comprehensive Process, 

Voltage, Temperature (PVT) analysis has been executed 

for the circuits. 

 

Index Terms- CMOS logic, PVT analysis, 45nm 

technology, universal gates, pseudo NMOS 

 

I. INTRODUCTION 

 

CMOS technology is widely used in IC design for its 

low power consumption and high noise immunity. 

NAND and NOR gates are fundamental to digital 

circuits and are commonly implemented using CMOS 

logic. This study analyses NAND and NOR gates using 

different CMOS styles at 45nm, a leading-edge 

technology node. 

 

NAND and NOR gates are vital in digital logic, 

forming the basis for complex circuits like flip-flops 

and ALUs. This research aims to understand their 

behaviour, performance, power consumption, and area 

utilization. [1] 

 

Using CMOS technology with NMOS and PMOS 

transistors, NAND and NOR gates achieve low power 

dissipation and high noise margins. The study will 

investigate: 

1. Power consumption under various conditions. 

2. Delay and propagation characteristics for speed 

analysis. 

3. Noise immunity against glitches and crosstalk. 

4. Performance trade-offs for optimal design choices. 

 

By studying NAND and NOR gates in CMOS logic at 

45nm, this research contributes to advancing digital 

circuit design for applications like microprocessors and 

communication interfaces. 

 

In addition, we used NAND and NOR gates because 

they are universal gates and they can form all basic 

gates (AND, OR, NOT, XOR, XNOR) and any logical 

Boolean expression can be implemented using only 

NAND gates or only NOR gates. This universality, 

combined with their economical and easier fabrication 

compared to other logic gates, greatly simplifies the 

process of creating any circuit. As long we can 

construct a single type of gate many times using the 

same technique, and by connecting them logically, we 

can design and implement any circuit.  
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II. NAND   OR NOR GATE USING CMOS 

 

CMOS (Complementary Metal-Oxide-

Semiconductor) technology is a fundamental building 

block in modern electronics, particularly in integrated 

circuits and microprocessors. Its significance lies in its 

low power consumption, high noise immunity, and 

scalability. In CMOS circuits, transistors are 

composed of both p-type and n-type semiconductor 

materials, creating a complementary pair that allows 

for efficient switching and minimal power dissipation. 

This characteristic makes CMOS ideal for portable 

devices, where power efficiency is crucial. 

Additionally, CMOS technology enables the 

integration of millions to billions of transistors on a 

single chip, facilitating the development of 

increasingly powerful and compact electronic devices 

[2]. Its versatility extends beyond microprocessors, 

encompassing memory chips, sensors, and various 

digital and analog circuits. With ongoing 

advancements, CMOS continues to drive innovation 

across a wide range of industries, from consumer 

electronics to healthcare and beyond, shaping the 

landscape of modern technology. [3] 

 

A.      NAND GATE Using CMOS 

A NAND gate in CMOS technology is constructed by 

placing two NMOS transistors in series and two 

PMOS transistors in parallel between the power 

supply (𝑣ⅆⅆ) and ground (GND). The inputs are 

connected to the gates of these transistors, and the 

output is obtained from the connection point of the 

NMOS and PMOS transistors. [4][5] 

 

Here’s how it works for different input combinations: 

1. Case 1: Both Inputs are Low (0, 0): In this scenario, 

both PMOS transistors are activated (ON) and 

NMOS transistors are deactivated (OFF). The 

output is linked to 𝑣ⅆⅆ through the activated PMOS 

transistors and is charged to the 𝑣ⅆⅆlevel, leading 

to a high output. 

2. Case 2: One Input is High and the Other is Low 

(0,1 or 1,0): The PMOS transistor corresponding to 

the Low input and the NMOS transistor 

corresponding to the High input are activated 

(ON). The output is linked to 𝑣ⅆⅆ through the 

activated PMOS transistor and is charged to the 

𝑣ⅆⅆ level, leading to a high output. 

3. Case 3: Both Inputs are High (1, 1): In this 

situation, both NMOS transistors are activated 

(ON), and the PMOS transistors are deactivated 

(OFF). The output is linked to GND through the 

activated NMOS transistors and is discharged to 

the GND level, leading to a low output. 

 

 
Figure 1. Circuit Diagram 

a. NMOS: W = 0.100u L= 0.045u Temp = 25C, 

50C, 100C V= 0.6v, 0.45v, 0.5v  

b. PMOS: W = 0.250u L= 0.045u Temp = 25C, 

50C, 100C V= 0.6v, 0.45v, 0.5v  

 

TABLE I.  NAND GATE USING CMOS 

RESULT ANALYSIS 

 
Table Analysis - Upon examining Table 1, it is 

observed that the least power is achievable only at 0.5 

V, while at 0.6 and 0.45 V, the power drops to 0V. 

Additionally, the maximum delay is noticed at 0.5 V. 

 

Simulation Result:  NAND GATE USING CMOS 
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TABLE II.  RISE AND FALL TIME OF 

INPUT IN CMOS NAND LOGIC 

 

 
 

TABLE III.  RISE AND FALL TIME OF 

OUTPUT IN CMOS NAND LOGIC 

 

 
 

B.     NOR GATE Using CMOS 

In CMOS technology, a NOR gate can be constructed 

by arranging two NMOS transistors in a parallel 

configuration and two PMOS transistors in a series 

configuration between the power supply (𝑣ⅆⅆ) and 

Ground (GND). The inputs are connected to the gates 

of both the NMOS and PMOS transistors. The output 

is derived from the junction between the NMOS and 

PMOS transistors. [5][6] 

The operation of the NOR gate for different input 

combinations is as follows: 

1. Case 1: Both Inputs are Low (0,0): In this case, 

both PMOS transistors are activated (ON) and 

NMOS transistors are deactivated (OFF). The 

output is connected to 𝑣ⅆⅆ through the activated 

PMOS transistors and is charged to the 𝑣ⅆⅆlevel, 

resulting in a high output. 

2. Case 2: One Input is High and the Other is Low 

(0,1 or 1,0): The PMOS transistor corresponding to 

the High input and the NMOS transistor 

corresponding to the Low input are deactivated 

(OFF). The output is connected to GND through 

the activated NMOS transistor and is discharged to 

the GND level, resulting in a Low output. 

3. Case 3: Both Inputs are High (1, 1): In this case, 

both NMOS transistors are activated (ON) and 

PMOS transistors are deactivated (OFF). The 

output is connected to GND through the activated 

NMOS transistors and is discharged to the GND 

level, resulting in a Low output. 

 
Figure 2. Circuit Diagram 

 

a. NMOS: W = 0.100u L= 0.045u Temp = 10C, 

20C, 30C, 50C, 60C, 70C V= 0.5v, 0.7v, 

0.62v  

b. PMOS: W = 0.400u L= 0.045u Temp = 10C, 

20C, 30C, 50C, 60C, 70C V= 0.5v, 0.7v, 

0.62v 
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TABLE IV.  NOR GATE USING CMOS 

RESULT ANALYSIS 

 
 

Table Analysis - When scrutinizing Table 3, it’s noted 

that the maximum delay occurs at 0.7 V at a 

temperature of 70°C. Regardless of the voltage values 

provided, the power remains constant at 0W. 

Furthermore, the power peaks at 0.7 V. 

 

Simulation Result: NOR GATE USING CMOS 

 

 
 

Upon comparing Tables 1 and 3, we can make the 

following observations: 

i. The delay for the NAND Gate peaks at 0.5 V, 

whereas for the NOR Gate, it peaks at 0.7 V.  

ii. The maximum power for the NAND Gate is 

achieved at 0.5V, while for the NOR Gate, it’s 

achieved at 0.7V. 

TABLE V.  RISE AND FALL TIME OF 

INPUT IN CMOS NOR LOGIC 

 
 

TABLE VI.  RISE AND FALL TIME OF 

OUTPUT IN CMOS NOR LOGIC 

 

 
Graph - Comparison between the Power Analysis of 

180nm and 45 nm CMOS 

 

 
 

 
 

Analysis Using Pseudo NMOS 

Pseudo-NMOS, a type of N-channel Metal-Oxide-

Semiconductor, is a logic family that was commonly 
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used in the early stages of integrated circuit design due 

to its straightforward structure and low power usage. 

It utilizes a single N-channel MOSFET (Metal-Oxide-

Semiconductor Field-Effect Transistor) to perform 

both pull-up and pull-down operations, unlike the 

complementary CMOS (Complementary Metal-

Oxide-Semiconductor) which necessitates the use of 

both N and P-channel transistors. [7] 

 

In the case of a pseudo-NMOS inverter, the N-channel 

MOSFET serves as a switch that toggles between the 

output node and ground. If the input is high, the 

transistor is deactivated, which allows the output to be 

pulled up to Add via a resistor, yielding a low output. 

On the other hand, if the input is low, the transistor is 

activated, linking the output to ground, which pulls it 

down and results in a high output. 

 

Despite the simplicity and efficiency of pseudo-

NMOS for certain applications, it has limitations such 

as static power dissipation due to the resistor 

connected to 𝑣ⅆⅆ and a restricted noise margin 

compared to CMOS, which limits its application in 

contemporary high-performance circuits. [8][9] 

 

A.      NAND GATE Using Pseudo NMOS 

A Pseudo NMOS logic-based NAND gate can be 

constructed by arranging two NMOS transistors in a 

series configuration and a single PMOS transistor as a 

load. The inputs are connected to the gates of the 

NMOS transistors, while the gate of the PMOS 

transistor is connected to ground. [7][12] 

 

The functioning of the Pseudo NMOS NAND gate for 

various input combinations is as follows: 

1. Case 1: Both Inputs are Low (0,0): In this case, 

both NMOS transistors are deactivated (OFF), and 

the PMOS transistor is activated (ON). The output 

is connected to 𝑣ⅆⅆ through the activated PMOS 

transistor and is charged to the 𝑣ⅆⅆ level, yielding 

a high output. 

2. Case 2: One Input is High and the Other is Low 

(0,1 or 1,0): The NMOS transistor corresponding 

to the High input is activated (ON), and the other 

NMOS transistor is deactivated (OFF). The PMOS 

transistor is also activated (ON). The output is 

connected to both 𝑣ⅆⅆ and GND. However, since 

the PMOS transistor is less conductive when 

activated compared to the NMOS transistor, the 

output is pulled down to the GND level, yielding a 

Low output. 

3. Case 3: Both Inputs are High (1,1): In this case, 

both NMOS transistors are activated (ON), and the 

PMOS transistor is activated (ON). The output is 

connected to GND through the activated NMOS 

transistors and is discharged to the GND level, 

yielding a Low output. 

 
Figure 3. Circuit Diagram 

 

a. NMOS: W = 0.100u L= 0.045u Temp = 10C, 

20C, 30C, 50C, 60C, 70C V= 0.7v  

b. PMOS: W = 0.250u L= 0.045u Temp = 10C, 

20C, 30C, 50C, 60C, 70C V= 0.7v 

 

TABLE VII.  NAND GATE USING PSEUDO 

NMOS RESULT ANALYSIS 

 
Simulation Result: NAND GATE USING PSEUDO 

NMOS 



© July 2024 | IJIRT | Volume 11 Issue 2 | ISSN: 2349-6002 

IJIRT 166142 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 304 

 
TABLE VIII.  RISE AND FALL OF INPUT OF 

NAND GATE USING PSEUDO NMOS 

TABLE IX.  RISE AND FALL OF OUTPUT OF 

NAND GATE USING PSEUDO NMOS 

 
 

B.      NOR GATE Using Pseudo NMOS 

A NOR gate, when designed using Pseudo NMOS 

logic, consists of two NMOS transistors configured in 

parallel and a single PMOS transistor acting as a load. 

The gates of the NMOS transistors are linked to the 

inputs, while the gate of the PMOS transistor is 

grounded. [10][12] 

 

The operation of this Pseudo NMOS NOR gate for 

various input combinations can be described as 

follows: 

1. Case 1: Both Inputs are Low (0,0): Here, both 

NMOS transistors are in an inactive state (OFF), 

and the PMOS transistor is in an active state (ON). 

The output is linked to 𝑣ⅆⅆ through the active 

PMOS transistor and is charged to the 𝑣ⅆⅆ level, 

leading to a high output. 

2. Case 2: One Input is High and the Other is Low 

(0,1 or 1,0): The NMOS transistor corresponding 

to the High input is active (ON), and the other 

NMOS transistor is inactive (OFF). The PMOS 

transistor is also active (ON). The output is linked 

to both 𝑣ⅆⅆ and GND. However, since the PMOS 

transistor is less conductive when active compared 

to the NMOS transistor, the output is pulled down 

to the GND level, leading to a Low output. [11] 

3. Case 3: Both Inputs are High (1, 1): In this 

situation, both NMOS transistors are active (ON), 

and the PMOS transistor is also active (ON). The 

output is linked to GND through the active NMOS 

transistors and is discharged to the GND level, 

leading to a Low output. 

 

Figure 4. Circuit Diagram 

a. NMOS: W = 0.100u L= 0.045u Temp = 10C, 

20C, 30C, 50C, 60C, 70C V= 0.62v  

b. PMOS: W = 0.400u L= 0.045u Temp = 10C, 

20C, 30C, 50C, 60C, 70C V= 0.62v 

 

TABLE X.  NOR GATE USING PSEUDO 

NMOS RESULT ANALYSIS 

 
Simulation Result: NOR GATE USING Pseudo NMOS 
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Table Analysis - Upon analyzing Tables 7 and 10, we 

observe that:  

i. The peak power for the NAND Gate is achieved at 

0.7 V when the temperature is 10°C, while for the 

NOR Gate, it's achieved at 0.62V under the same 

temperature conditions.  

ii. The NOR Gate exhibits a higher minimum power 

compared to the NAND Gate.  

 

TABLE XI.  RISE AND FALL OF INPUT OF 

NOR GATE USING PSEUDO NMOS 

 
 

TABLE XII.  RISE AND FALL OF OUTPUT OF 

NOR GATE USING PSEUDO NMOS 

 
 

CONCLUSION 

 

The exploration into the application of CMOS logic 

with NAND and NOR gates in the realm of 45nm 

technology underscores the pivotal role these gates 

play in the landscape of digital circuit design. By 

scrutinizing the performance metrics of these gates, 

the study unveiled notable benefits associated with 

NAND gates, such as decreased power usage, compact 

spatial demand, and diminished latency in contrast to 

NOR gates. This comprehension serves as a 

cornerstone for enhancing the efficacy of digital 

systems, providing a solid foundation for the intricate 

design of circuits. The juxtaposition of various logic 

styles and technological approaches illuminates 

pathways for streamlining digital circuits concerning 

power efficiency, operational speed, and overall 

efficacy, fostering progress in VLSI design and the 

realm of microprocessor functionalities. 
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