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Low-Power Design: An Overview

Introduction

Low-power electronics and sensor technology are critical enablers of modern computing,
particularly in the Internet of Things (IoT), wearable / portable devices, automotive applications,
and industrial automation. This paper provides an overview of low-power design principles, key
challenges, and emerging innovations, including specialized techniques that are redefining the
efficiency and capabilities of electronic systems.

Fundamentals of Low-Power Design

Power Consumption Components
Power consumption in electronic circuits is primarily divided into two components:

* Dynamic Power Consumption: Caused by switching activity in the circuit, defined by the
equation:
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where cx is the activity factor, C' is the capacitance, V' is the supply voltage,
and f is the operating frequency.
(Leakage) Power Consumption: Caused by leakage currents in transistors, which persist

even when the circuit is idle. Leakage power grows significantly as transistor sizes shrink in
modern semiconductor processes.

Techniques for Low-Power Optimization

1. Voltage Scaling: Lowering supply voltage is the most effective way to reduce power
consumption, as power scales quadratically with voltage.

2. Clock Gating: Shutting down clocks in unused portions of a circuit reduces dynamic power
consumption.

3. Power Gating: Cutting off power supply to inactive circuit blocks reduces leakage power.

4. Adaptive Voltage and Frequency Scaling (AVFS): Dynamically adjusts voltage and clock
frequency based on workload to optimize power consumption.

5. Efficient Circuit Design: Techniques like sub-threshold computing allow transistors to
operate at voltages lower than their nominal threshold, achieving ultra-low power
consumption at the cost of reduced speed.

6. Component selection: Selecting low power components, focusing on extreme low power
features on sleep and idle modes

7. Code efficiency: Reduce unnecessary code, especially in real time systems when
microcontroller’s high performance is not needed
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Applications of Low-Power Electronics
Always-On Al and Edge Computing

With the proliferation of edge devices, always-on Al chips are becoming crucial. These chips, found
in devices such as smartphones, wearables, and smart home products, must operate at minimal
power levels while remaining responsive.

* Example: Face Unlock Systems

* Uses a cascade approach, where a low-power circuit detects a face before activating
a higher-power processor for full recognition.

* Ensures extended battery life without compromising functionality.

Sensor Fusion and Embedded Intelligence
Sensors are fundamental to modern electronics, combining data from multiple sources to improve

accuracy and performance.
* Key sensor types:
* Optical sensors (e.g., cameras, LIDAR)
* Environmental sensors (e.g., temperature, humidity)
* Motion sensors (e.g., accelerometers, gyroscopes)
* Biomedical sensors (e.g., heart rate monitors, EEG sensors)

* Applications: Automotive advanced driver-assistance systems (ADAS), industrial
monitoring, medical / IVD devices, and wearable health devices.

Challenges in Low-Power Design

Thermal Management and Heat Dissipation
As power density increases, managing heat becomes crucial, especially in compact devices.

Techniques like dynamic thermal management (DTM) and improved heat dissipation materials help
mitigate overheating risks.

Energy Harvesting for Sustainable Power
Many low-power devices rely on energy harvesting from sources such as solar, thermal, RF, or

kinetic energy to extend operational life.

* Example: Smart sensors in remote locations that use solar panels or vibration-based
energy harvesting for continuous operation.

High performance is needed rarely

In some battery-operated portable devices, there is needed high calculation power in some situations
but most of the time a device is just waiting for user tasks to be executed. Optimizing sleep and idle
modes are essential to achieve maximum operating time.



2B Consulting — White paper Mirko Brummer, Ossi Korhonen 2/2025

Emerging Trends in Low-Power Electronics
Sub-Threshold Computing: Beyond the Voltage Threshold

Sub-threshold computing leverages the residual charge in transistors to perform computations at
extreme low voltages (e.g., 0.2V). While this reduces energy consumption dramatically, it also
introduces computational delays due to slower transistor switching.

» Teaser question: How can sub-threshold processors revolutionize embedded AI?

Near-Threshold Voltage (NTV) Computing
Unlike sub-threshold computing, NTV operates just above the threshold voltage, striking a balance

between power savings and computational performance.

* Applications: Battery-operated medical implants, industrial monitoring devices.

In-Memory Computing and Neuromorphic Chips
Traditional computing architectures suffer from power inefficiencies due to frequent data movement

between memory and processors. In-memory computing places processing elements closer to
memory, reducing energy waste.

* Example: Al accelerators that mimic brain-like processing for ultra-low-power
applications.

Conclusion

Low-power electronics and sensor technologies are driving the next wave of innovation across
numerous industries. By leveraging advanced power-saving techniques such as voltage scaling, sub-
threshold computing, and in-memory processing, engineers can design more efficient, sustainable,
and high-performance systems. With emerging trends like Al at the edge and energy harvesting, the
future of low-power electronics is set to redefine computing paradigms, making devices smarter and
more autonomous than ever.
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