
 

Chapter 2: Historical Context and Evolution of Low-Power Design in 
Advanced Semiconductor Devices 

2.1 Introduction 

In this chapter, we explore the historical progression of low-power circuit design, from the 
early days of semiconductor technology to the advanced nanoscale processes of today. As 
transistor counts have increased per Moore's Law, managing power consumption has become 
crucial for both performance and reliability. We'll walk through the key milestones that shaped 
low-power strategies in the industry, particularly within CMOS and FinFET technologies. 

2.2 Problem Statement 

As semiconductor technology advanced: 

●​ Power density increased.​
 

●​ Battery-operated devices became prevalent.​
 

●​ Leakage currents became dominant at smaller nodes.​
 

The challenge: How can we continue scaling down transistors while keeping power usage 
within manageable limits for thermal and battery constraints? 

2.3 Step 1: Early CMOS Era – Power Wasn’t a Concern 

In the 1970s and early 1980s, CMOS (Complementary Metal-Oxide-Semiconductor) became 
the dominant logic technology due to its low static power consumption compared to NMOS and 
bipolar logic families. 

Key Characteristics: 

●​ Dynamic power dominated total power.​
 

●​ Supply voltages were around 5V.​
 

●​ Power optimization was not a major focus due to relatively low frequencies and small 
chip sizes.​
 

Example: The Intel 4004 (1971) consumed less than 1W, with power largely 
determined by capacitance and frequency. 



2.4 Step 2: Rise of Mobile Computing – Power Becomes a Bottleneck 

In the late 1980s and 1990s: 

●​ Laptops, PDAs, and mobile phones emerged.​
 

●​ Dynamic power became a limiting factor as clock frequencies rose (100 MHz → 1 GHz).​
 

●​ Voltage scaling began to reduce Pdyn=αCV2fP_{dyn} = \alpha C V^2 f.​
 

Industry responses: 

●​ Introduction of dynamic voltage and frequency scaling (DVFS).​
 

●​ Use of clock gating to shut off idle circuits.​
 

●​ Design styles like multiple-threshold CMOS (MTCMOS).​
 

Example: Intel Pentium (1993) and ARM processors in mobile devices focused 
on energy-efficient processing. 

2.5 Step 3: Sub-100nm Scaling – Leakage Takes Over 

With the advent of 90nm and below: 

●​ Static power due to subthreshold leakage, gate oxide tunneling, and junction leakage 
became substantial.​
 

●​ Supply voltage scaling hit limits due to noise margins and variability.​
 

●​ High-performance designs could no longer rely on just reducing Vdd.​
 

Solutions included: 

●​ High-Vt transistors for standby.​
 

●​ Body biasing for leakage control.​
 

●​ Power gating and sleep transistors to fully disconnect power in idle modes.​
 

Insight: In 65nm CMOS, leakage power could account for >30% of total power in 
idle state. 



2.6 Step 4: FinFET Era – Overcoming Short Channel Effects 

At 22nm and below, planar transistors couldn’t suppress leakage and variability. The industry 
adopted FinFETs, which offered: 

●​ Better electrostatic control over the channel.​
 

●​ Reduced short-channel effects.​
 

●​ Lower leakage currents.​
 

FinFETs led to: 

●​ Revival of aggressive Vdd scaling (down to 0.8V and below).​
 

●​ Continued transistor density increase without extreme leakage.​
 

Example: Intel Ivy Bridge (22nm) and Samsung 14nm FinFET SoCs achieved 
~35% lower power than their planar counterparts. 

2.7 Step 5: Beyond FinFET – GAAFET and 3D Integration 

Recent developments in low-power design focus on: 

●​ Gate-All-Around FETs (GAAFETs), offering even tighter control.​
 

●​ 3D stacking and chiplet architectures to localize power and improve 
performance-per-watt.​
 

●​ Near-threshold computing and adaptive body bias for ultra-low-power applications in 
IoT and wearables.​
 

Future devices emphasize: 

●​ Workload-aware power management.​
 

●​ Machine learning-based dynamic scaling.​
 

●​ Battery-aware design at system level.​
 

2.8 Step 6: Timeline Summary 



Decad
e 

Node 
Size 

Key Focus Power Challenge Key Solutions 

1970s >10µm Logic 
Functionality 

Area & speed Basic CMOS logic 

1990s ~250nm Portable 
Electronics 

Dynamic power Voltage scaling, clock gating 

2000s ~90nm High-speed CPUs Leakage power MTCMOS, power gating 

2010s ~22nm Mobile + Server Short-channel 
effects 

FinFETs, DVFS 

2020s+ <10nm AI, IoT, 5G, Edge Performance-per-w
att 

GAAFETs, 3D ICs, 
near-threshold 

2.9 Conclusion 

Low-power circuit design has evolved from a luxury to a necessity as semiconductor devices 
have grown more complex and energy-conscious. Understanding the historical evolution 
helps engineers appreciate the trade-offs and innovations that have shaped today's 
power-efficient ICs. 

●​ Early CMOS emphasized area and speed.​
 

●​ The mobile era demanded dynamic power control.​
 

●​ Sub-90nm scaling pushed innovation in leakage control.​
 

●​ FinFET and GAAFET technologies have redefined the boundaries of efficient computing.​
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