Short Communication
Volume 13:05, 2024

ISSN: 2332-0796 Open Access

Journal of Electrical & Electronic Systems

Design and Implementation of Low-power Microcontrollers
for Embedded Systems in 10T Applications

Escobedo Villarino*

Department of Electrical Engineering, Corvinus University, Budapest, Févdm tér 8, 1093 Hungary

Introduction

The rapid evolution of the Internet of Things has driven the demand
for efficient, low-power embedded systems that can support continuous
connectivity while maintaining minimal energy consumption. Low-power
microcontrollers have become a critical component of loT devices, enabling
long battery life and minimizing the environmental impact of millions of
connected devices. This article explores the design and implementation of
low-power microcontrollers for loT applications, discussing the trade-offs
between performance and power consumption, the role of different power
management techniques, and the challenges faced by system designers. We
also analyze the state-of-the-art microcontroller architectures and examine
their suitability for various loT use cases. The proliferation of loT devices
is reshaping industries, from smart homes and healthcare to agriculture
and transportation. These applications require embedded systems that can
operate autonomously for long durations, often powered by limited energy
sources such as batteries or energy harvesting techniques. As a result, low-
power microcontrollers are at the heart of loT devices, where power efficiency
is critical not only for extending battery life but also for reducing operational
costs and environmental impact. This paper aims to examine the principles
of designing low-power microcontrollers for loT applications, highlighting key
considerations such as architectural features, power management strategies,
and the challenges in balancing performance with energy consumption.

In loT applications, microcontrollers serve as the "brains" of the device,
responsible for processing sensor data, communicating with other devices or
networks, and managing various I/O operations. They are typically designed
for cost-effectiveness, small size, and low power consumption, which are
essential in 10T devices that are often battery-operated or deployed in remote,
energy-constrained environments. Microcontrollers in loT systems generally
operate in one of two modes: active and low-power. The active mode is when
the MCU performs computational tasks and communicates with external
devices, while the low-power mode is used during periods of inactivity,
ensuring minimal energy consumption.

Ensuring the MCU consumes the least possible energy while performing
required tasks. Providing adequate processing power for loT-specific
tasks like sensor data processing, wireless communication, and security
operations. Enabling reliable communication protocols like Wi-Fi, Bluetooth,
Zigbee, or LoRa while minimizing energy costs. Effective power management
is essential in loT devices, as excessive energy consumption can drastically
shorten battery life or necessitate frequent recharging, which is impractical for
many loT applications. To achieve low-power operation, designers implement
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various strategies that involve hardware optimization, software techniques,
and power management algorithms.

Description

Operating at lower voltages reduces dynamic power consumption since
the power consumption is proportional to the square of the supply voltage.
Modern MCUs are designed to operate at lower supply voltages, while still
providing acceptable performance. However, reducing voltage may impact the
operating frequency and computational performance. Clock gating involves
turning off the clock signal to unused components, reducing the dynamic
power consumption. Since microcontrollers often have several internal blocks,
such as timers, communication interfaces, and memory, clock gating ensures
that only the active components consume power.

Power gating is a technique used to cut off the supply of power to certain
parts of the MCU that are not in use. This technique is commonly applied in
deep sleep or idle states, ensuring that inactive modules do not drain power.
DVFS allows the microcontroller to adjust its operating voltage and frequency
based on the workload. Under low workloads, the MCU can operate at a lower
frequency and voltage, thus reducing power consumption. This approach
balances performance and power consumption dynamically, optimizing
efficiency. Most low-power microcontrollers offer multiple sleep states that
reduce power consumption when the device is idle. In the sleep mode, the
MCU may disable its CPU while retaining memory content, allowing quick
wake-up times. The deep sleep mode further reduces power consumption by
shutting down more components, though it may have a slower wake-up time.

For loT applications in remote locations, energy harvesting techniques
such as solar, thermoelectric, or piezoelectric generation can be used to
power microcontrollers. These methods provide supplementary power, further
extending the operational life of 10T devices without the need for frequent
battery replacements. The ARM Cortex-M series is one of the most widely
used microcontroller families for loT applications due to its excellent power
efficiency and performance. The Cortex-MO0 and M4 models, for instance, are
designed to balance low-power operation with adequate processing power.
ARM's power management features, including low-power sleep modes and
DVFS, make it an ideal choice for energy-constrained applications.

RISC-V is an open-source instruction set architecture that is gaining
traction in the embedded systems space. RISC-V-based MCUs offer the
potential for highly optimized, application-specific low-power designs,
allowing designers to fine-tune power consumption at the architectural
level. Microcontrollers equipped with low-power wireless communication
capabilities, such as Bluetooth Low Energy, Zighee, or LoRaWAN, are
increasingly popular in loT devices. These MCUs are optimized for
both communication and power consumption, enabling energy-efficient
connectivity over short and long ranges. In some loT applications, multi-core
or heterogeneous microcontroller architectures are used to allocate different
tasks to different cores or processors, optimizing energy consumption. For
instance, a primary core may handle high-power tasks, while secondary cores
handle simpler operations in a low-power mode [1-3].

Achieving an optimal balance between power consumption and
performance is often a delicate trade-off. While reducing power typically leads
to lower performance, modern MCUs employ intelligent power management
techniques that allow for dynamic scaling of both power and performance.
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Wireless communication is a major contributor to power consumption in loT
devices. Designing energy-efficient communication protocols that minimize
the energy required for data transmission and reception, especially in low-
bandwidth scenarios, remains a challenge.

loT devices must secure communications and data processing, which
often requires cryptographic operations. These operations can significantly
increase power consumption, especially in devices with limited processing
capabilities. Balancing power consumption with the need for secure
communication is a key challenge. Achieving long battery life is one of the
foremost concerns in 10T device design. Power consumption must be carefully
optimized not just in the microcontroller, but across all components, including
sensors, radios, and actuators. Furthermore, energy harvesting solutions
must be incorporated to ensure a constant power supply in some applications.
Low-power microcontrollers play a crucial role in enabling the widespread
adoption of 10T applications [4,5]. By implementing advanced power-saving
techniques, such as voltage scaling, clock gating, and optimized sleep modes,
microcontroller designers can reduce energy consumption while maintaining
acceptable levels of performance. As the loT ecosystem continues to expand,
innovations in low-power design will remain essential in addressing the
growing need for energy-efficient, long-lasting devices.

Conclusion

Future research should focus on the development of more energy-efficient
communication protocols, improvements in energy harvesting technologies,
and the exploration of new microcontroller architectures, such as those based
on the RISC-V ISA. The continuing evolution of low-power microcontrollers
will undoubtedly be key to realizing the full potential of the Internet of Things
in the coming years.
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