Chapter 1: Introduction to Low Power Circuit Design with CMOS and
FinFETs

1.1 Introduction

In this chapter, we introduce the fundamentals of low power circuit design, focusing
specifically on CMOS (Complementary Metal-Oxide-Semiconductor) and FinFET (Fin
Field-Effect Transistor) technologies. With the proliferation of battery-powered devices and the
rising demand for energy-efficient systems, minimizing power consumption has become a
critical design objective.

We will discuss the need for low-power design, the power dissipation sources in digital circuits,
and the transition from CMOS to FinFETs to overcome leakage issues in advanced technology
nodes. This sets the foundation for understanding practical low-power design techniques used
in modern integrated circuits.

1.2 Problem Statement

Power consumption in integrated circuits (ICs) is growing with increased functionality and
performance demands. Traditional CMOS technology suffers from:

e Dynamic Power Dissipation due to frequent switching.
e Static Power Dissipation due to subthreshold leakage currents.
o Increased Heat and Reduced Battery Life, especially in portable devices.

Designers must explore low-power strategies using CMOS optimizations and transition to
FinFET technology to maintain performance without sacrificing power efficiency.

1.3 Step 1: Analyze Power Dissipation in CMOS Circuits
Power consumption in CMOS circuits consists of three components:
e Dynamic Power (P_dyn):

Pdyn=aCLVdd2fP_{dyn} =\alpha C_L V_{dd}*2 f
where:

o a\alpha is the switching activity factor.
o CLC_L is the load capacitance.

o VddV_{dd} is the supply voltage.



o ffis the operating frequency.

e Short-Circuit Power: Occurs during signal transitions due to momentary conduction
between Vdd and GND.

e Static (Leakage) Power:
Pleakage=lleakage - VddP_{leakage} = | {leakage} \cdot V_{dd}
Leakage current becomes significant as transistor sizes shrink in sub-45nm nodes.
1.4 Step 2: Low Power Techniques in CMOS Design
Designers use various techniques to reduce power:
e Voltage Scaling: Reducing VddV_{dd} decreases dynamic and leakage power.

e Clock Gating: Disables the clock signal in inactive modules.

e Multi-Vt Cells: Using a mix of high and low threshold voltage transistors to balance
speed and leakage.

e Power Gating: Disconnects power supply to unused blocks using sleep transistors.

e Dynamic Voltage and Frequency Scaling (DVFS): Adjusts performance levels based
on workload.
1.5 Step 3: Transition to FInFETs

At nodes smaller than 22nm, planar CMOS becomes inefficient due to high leakage and poor
electrostatic control. FinFETs offer:

e Reduced leakage via better gate control over the channel.

e Multiple fins for increased drive strength.

e Lower subthreshold slope, improving switching behavior.
The FinFET structure features a raised fin of silicon that forms the channel. The gate wraps
around the fin on three sides, enhancing control.

1.6 Step 4: Design Example - Inverter in CMOS vs FinFET

CMOS Inverter Power Profile:



Vdd = 1.0V

CL = 10fF
f=100MHz
P_dyn=1.0uW
P_leak = 100nW

FinFET Inverter Power Profile (22nm):

Vdd = 0.8V

CL = 8fF
f=100MHz
P_dyn = 0.51uW
P_leak = 10nW

Observation: FinFET-based inverter consumes nearly half the dynamic power and significantly
less leakage power.

1.7 Step 5: Implementation in Code (CMOS vs FinFET Simulation using Python)
We can simulate dynamic power for an inverter switching at 100 MHz using Python.

import matplotlib.pyplot as plt

# Parameters

Vdd _cmos =1.0

Vdd_finfet = 0.8

CL_cmos = 10e-15

CL_finfet = 8e-15

f=100e6

alpha = 0.5 # switching activity

# Power Calculations
P_dyn_cmos = alpha * CL_cmos * (Vdd_cmos ** 2) * f
P_dyn_finfet = alpha * CL_finfet * (Vdd_finfet ** 2) * f

# Plotting
labels = ['CMOS', 'FinFET']
power = [P_dyn_cmos * 1e6, P_dyn_finfet * 1e6] # convert to yW

plt.bar(labels, power, color=['blue’, 'green')
plt.ylabel('Dynamic Power (uW)')

plt.title('Dynamic Power Comparison: CMOS vs FinFET")
plt.grid(True)



plt.show()

1.8 Step 6: Analysis and Results

e CMOS Limitations: Higher leakage at lower nodes, inefficient for ultra-low-power
devices.

e FinFET Benefits: Strong channel control, reduced leakage, higher density, and
scalability.

e Design Trade-offs: FinFETs are harder to manufacture and costlier but offer longer
battery life and better performance-per-watt.
1.9 Conclusion

This chapter introduced low-power circuit design using CMOS and FinFET technologies. We
analyzed:

e Key sources of power dissipation.
e Techniques to reduce power in CMOS.
e Advantages of FinFETs at nanometer-scale nodes.
e A comparative design example that quantifies power savings.
Low-power design is now essential, not optional, for modern VLSI systems. The shift toward

FinFETs is one of the most impactful changes to sustain Moore’s Law in a power-constrained
world.



	Chapter 1: Introduction to Low Power Circuit Design with CMOS and FinFETs 
	1.1 Introduction 
	1.2 Problem Statement 
	1.3 Step 1: Analyze Power Dissipation in CMOS Circuits 
	1.4 Step 2: Low Power Techniques in CMOS Design 
	1.5 Step 3: Transition to FinFETs 
	1.6 Step 4: Design Example - Inverter in CMOS vs FinFET 
	1.7 Step 5: Implementation in Code (CMOS vs FinFET Simulation using Python) 
	1.8 Step 6: Analysis and Results 
	1.9 Conclusion 


