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Abstract: 

Understanding the delay characteristics of CMOS NAND gates is crucial for optimizing 
digital circuit performance, particularly as technology scales to smaller nodes. This paper 
presents a comprehensive delay analysis of CMOS NAND gates using Cadence simulation 
software, focusing on key factors influencing propagation delay. By leveraging Cadence’s 
advanced simulation tools, we examine the impact of transistor sizing, load capacitance, and 
threshold voltage variations on gate performance.The study begins with a detailed description 
of the CMOS NAND gate architecture, including the configuration of PMOS and NMOS 
transistors. We then utilize Cadence’s simulation capabilities to model the delay 
characteristics under various conditions. Key metrics such as rise time, fall time, and overall 
propagation delay are analyzed, providing insights into how design parameters affect gate 
speed. 

       Our results reveal the relationships between transistor dimensions, load capacitance, and 
delay performance. Specifically, we observe that increasing transistor size reduces resistance 
and propagation delay but also increases power consumption and area. Conversely, 
optimizing load capacitance plays a significant role in minimizing delay, with trade-offs 
between speed and power efficiency.The paper concludes with recommendations for 
optimizing CMOS NAND gate design based on the simulation findings. By highlighting the 
impact of different design choices on delay performance, we offer practical guidance for 
improving the speed and efficiency of digital circuits. This comprehensive analysis 
underscores the value of Cadence simulation in achieving precise and actionable insights into 
CMOS gate performance. 

 
Introduction 

IIn the evolving landscape of digital electronics, CMOS NAND gates are fundamental 
building blocks used in a wide array of applications, from simple logic circuits to complex 
integrated systems. As technology scales down to smaller geometries [1], the need for precise 
analysis and optimization of gate performance becomes increasingly critical. One of the key 
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performance metrics for CMOS NAND gates is propagation delay, which significantly 
impacts the overall speed and efficiency of digital circuits.Propagation delay refers to the 
time required for a signal to propagate through the gate and produce a valid output following 
an input change. This delay is influenced by several factors, including transistor sizing, load 
capacitance, and threshold voltage variations. Accurate delay analysis is essential for 
designing high-speed circuits and ensuring reliable operation across various operating 
conditions [2]. 

Cadence simulation software provides powerful tools for analyzing and optimizing the 
performance of digital circuits. By leveraging Cadence’s advanced simulation capabilities, 
designers can model and evaluate the delay characteristics of CMOS NAND gates with high 
precision. The software allows for detailed exploration of how different design parameters 
affect delay, facilitating informed decisions to balance performance, power, and area. 

This paper presents a comprehensive delay analysis of CMOS NAND gates using Cadence 
simulation tools. We explore the impact of key factors such as transistor dimensions, load 
capacitance, and threshold voltages on propagation delay. The study includes detailed 
simulations and performance evaluations [3], offering insights into how design choices can 
be optimized for improved speed and efficiency. 

The objective of this analysis is to provide a thorough understanding of the delay 
characteristics of CMOS NAND gates and to offer practical recommendations for enhancing 
circuit performance. By combining theoretical insights with simulation results, this paper 
aims to contribute valuable knowledge to the field of digital circuit design and optimization 
[4]. 

 

CMOS NAND Gate Structure 

A CMOS NAND gate is composed of both PMOS (P-type Metal-Oxide-Semiconductor) and 
NMOS (N-type Metal-Oxide-Semiconductor) transistors. For a 2-input NAND gate, two 
PMOS transistors are connected in parallel, while two NMOS transistors are connected in 
series. This configuration allows the gate to efficiently switch between high and low states, 
leveraging the complementary nature of PMOS and NMOS transistors [5]. 

    

Fig.1: Schematic Diagram                                                Fig.2: Output    
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Propagation Delay 

Propagation delay in a CMOS NAND gate is determined by several factors, including: 

1. Capacitance: The delay is influenced by the load capacitance (C_L) at the output 
node, which includes parasitic capacitances of the transistors and the interconnects. 
Larger capacitance increases the delay because it takes more time to charge or 
discharge the load. 

2. Transistor Sizing: The size of the PMOS and NMOS transistors affects the drive 
strength and switching speed of the gate. Increasing the width of these transistors 
reduces resistance, allowing faster switching times, but also increases the gate’s 
overall area and power consumption. 

3. Threshold Voltage: The threshold voltage (V_th) of the transistors impacts the 
switching characteristics. Lower threshold voltages reduce the delay by allowing 
transistors to switch on more quickly, but they also increase leakage currents, which 
can affect power consumption and reliability [6]. 

Delay Calculation 

The propagation delay (tpd) of a CMOS NAND gate can be approximated using the RC delay 
model, where R represents the resistance of the transistors and C represents the capacitance 
of the output load. The delay is often split into two parts: the rise time (tPLH) and the fall time 
(tPHL). 

1. Rise Time (tPLH): This is the time taken for the output to transition from a low to high 
state. It depends on the discharge path provided by the NMOS transistors and is given 
by: 
tPLH =RN⋅CL 
where RN is the resistance of the NMOS transistors and CL is the load capacitance. 

2. Fall Time (tPHL): This is the time taken for the output to transition from high to low. It 
depends on the charging path provided by the PMOS transistors: 
tPHL=RP⋅CL 
where RP is the resistance of the PMOS transistors. 

The total propagation delay (tpdt) is generally considered as the average of rise and fall 
times: 

tpd= tPLH +  tPHL/2 

Optimizing Delay 

To optimize the delay, designers can adjust the sizes of the PMOS and NMOS transistors to 
balance performance and power consumption. Larger transistor widths reduce resistance and 
hence delay, but at the cost of increased area and power usage [7]. Additionally, techniques 
such as reducing load capacitance and optimizing the threshold voltages can also help in 
achieving faster gate performance. In GPDK180, the propagation delay is higher, typically 
around 4.409 ps. 
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Fig.3: Delay Calculation of NAND Gate 

Conclusion 

Understanding the delay characteristics of a NAND gate in CMOS technology is essential for 
designing high-speed digital circuits. By analyzing the effects of capacitance, transistor 
sizing, and threshold voltage on propagation delay, designers can optimize gate performance 
to meet the requirements of modern electronic systems. As technology advances, continued 
improvements in fabrication techniques and circuit design will further enhance the speed and 
efficiency of CMOS-based digital logic. Overall, the study underscores the importance of 
detailed delay analysis for CMOS NAND gates, especially in the context of high-speed and 
high-density digital designs. The insights gained from the Cadence simulations provide 
valuable guidance for designing circuits with optimal timing performance and reliability. 
Future work could expand on this analysis by exploring additional gate types, complex circuit 
configurations, and more advanced process variations to further refine design strategies and 
performance predictions. 
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