
Chapter 10: Advanced Topics and Emerging Trends in Low Power Design 

10.1 Introduction 

The push toward ultra-low power consumption in modern electronics has catalyzed rapid 
innovation in both CMOS and FinFET technologies. With increasing adoption of edge 
computing, wearables, and always-on AI applications, low-power design has evolved from basic 
optimization to adaptive, predictive, and context-aware methodologies. This chapter 
presents cutting-edge research, components, and techniques that represent the future of 
power-efficient semiconductor design. 

 

10.2 Step 1: Near-Threshold and Subthreshold Computing 

1.​ Near-Threshold Computing (NTC):​
 

○​ Operates circuits at voltages near the transistor threshold (e.g., 0.4–0.6V).​
 

○​ Balances energy efficiency and acceptable performance.​
 

○​ FinFETs are ideal due to better control at low voltages.​
 

2.​ Subthreshold Computing:​
 

○​ Operates below threshold voltage, exploiting leakage current for switching.​
 

○​ Ultra-low power (~nW–µW), used in biomedical sensors and IoT nodes.​
 

○​ Challenges include noise sensitivity, speed degradation, and variability.​
 

Example: Pacemakers and implantable sensors use subthreshold analog/digital 
blocks to maximize battery life over decades. 

 

10.3 Step 2: Energy Harvesting and Power-Scavenging Designs 

Emerging systems are being designed to harvest ambient energy from sources like light, RF, 
vibration, and temperature gradients. 

●​ Energy-Aware Circuits:​
 



○​ Operate under variable supply conditions.​
 

○​ Adaptive clocking and voltage regulation included.​
 

●​ Self-Powered SoCs:​
 

○​ Integrate rectifiers, low-dropout regulators (LDOs), and charge pumps.​
 

○​ Use CMOS or FinFET with ultra-low leakage design.​
 

Use Case: Environmental monitoring chips using photovoltaic or piezoelectric 
energy sources. 

 

10.4 Step 3: Machine Learning for Power Optimization 

Modern SoCs embed machine learning models to dynamically optimize power usage in real 
time: 

●​ Workload Prediction:​
 

○​ AI models forecast usage patterns to preemptively scale voltage/frequency.​
 

●​ DVFS with AI Feedback:​
 

○​ Adaptive power control loop guided by performance/power trade-off models.​
 

●​ Thermal-Aware Scheduling:​
 

○​ AI adjusts core allocation and workload distribution to reduce hotspots and 
dynamic power draw.​
 

Industry Example: Smartphone chips dynamically manage AI and GPU blocks 
using predictive models for optimal battery life. 

 

10.5 Step 4: Emerging Transistor and Material Technologies 

While FinFET dominates current advanced nodes, new device structures are emerging to 
push power efficiency further: 



1.​ Gate-All-Around FETs (GAAFETs):​
 

○​ Successor to FinFET, provides full gate control.​
 

○​ Reduces short-channel effects and improves subthreshold slope.​
 

○​ Enables more aggressive voltage scaling for ultra-low power.​
 

2.​ 2D Materials (e.g., MoS₂, Graphene):​
 

○​ Atomically thin channels = lower leakage and better switching.​
 

○​ Potential for flexible, transparent, and wearable electronics.​
 

3.​ Ferroelectric FETs (FeFETs):​
 

○​ Provide non-volatile logic with zero standby leakage.​
 

○​ Combine memory and logic functions to reduce energy per task.​
 

 

10.6 Step 5: Ultra-Low Power Memory Innovations 

1.​ Embedded Non-Volatile Memory (eNVM):​
 

○​ MRAM, ReRAM, and FRAM reduce leakage in data retention.​
 

○​ Useful for sleep modes and power-cycled operations.​
 

2.​ In-Memory Computing (IMC):​
 

○​ Combines logic and memory to reduce data movement.​
 

○​ Saves power by minimizing external memory accesses.​
 

3.​ Compute-in-SRAM:​
 

○​ Allows bitline-level arithmetic operations directly inside SRAM arrays.​
 

Applications: Energy-efficient AI accelerators, wearable devices, neuromorphic 
processors. 



 

10.7 Step 6: Chiplet and Heterogeneous Integration 

1.​ 3D Stacking and Chiplets:​
 

○​ Separate dies for logic, memory, and I/O stacked vertically or placed 
side-by-side.​
 

○​ Reduces interconnect power and allows independent voltage domains.​
 

2.​ Heterogeneous Integration:​
 

○​ Combines FinFET logic cores with CMOS analog, RF, or MEMS blocks.​
 

○​ Each domain operates under its optimized power/performance envelope.​
 

3.​ Advanced Packaging (e.g., Foveros, CoWoS):​
 

○​ Enables fine-grained power gating and thermal isolation.​
 

○​ Critical for modern AI SoCs and ultra-low power mobile processors.​
 

 

10.8 Step 7: Security and Reliability in Low Power Design 

As voltages scale and operating margins shrink, circuits become more vulnerable: 

●​ Secure Low-Power Design:​
 

○​ Balance power masking and encryption hardware with minimal overhead.​
 

○​ Prevent power side-channel attacks through constant-power logic.​
 

●​ Robustness Techniques:​
 

○​ Error-correcting codes (ECC), adaptive biasing, and fault-tolerant logic.​
 

○​ Compensate for variability in subthreshold and near-threshold operation.​
 

 

10.9 Conclusion 



The future of low-power design lies at the intersection of device innovation, intelligent 
systems, and adaptive architecture. CMOS and FinFET will continue evolving, but will also 
coexist with novel device types and AI-powered design methodologies. 

Key takeaways: 

●​ Near-threshold and subthreshold logic enable ultra-low energy devices.​
 

●​ AI-based power control and in-memory computing are redefining efficiency.​
 

●​ GAAFETs, chiplets, and heterogeneous packaging are reshaping SoC design.​
 

●​ Reliability, security, and robustness must scale alongside power optimizations.​
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