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ABSTRACT :

The rapid growth of Internet of Things (10T) applications has significantly increased the demand for low-power,
compact, and energy-efficient electronic sensor systems. Since most I0oT devices operate on limited power
sources such as batteries or energy-harvesting units, minimizing power consumption while maintaining reliable
sensing and data transmission is a major design challenge. This paper presents the design.and performance
analysis of low-power electronic sensor and interface circuits suitable for 10T applications. The proposed system
integrates low-power sensors, signal conditioning circuits, analog-to-digital converters (ADC), and
communication interfaces optimized for minimal energy consumption. Performance parameters such as power
consumption, sensitivity, accuracy, response time, and noise performance are analyzed through simulation and
experimental results. The outcomes demonstrate that the proposed design significantly improves energy
efficiency while maintaining acceptable performance, making it suitable for large-scale 10T deployments in
smart environments, healthcare, industrial monitoring, and environmental sensing applications.

KEYWORDS: Internet of Things (loT), Low-Power Electronics, Sensor Interface Circuits, Signal
conditioning.
I INTRODUCTION:

The Internet of Things (IoT) has emerged as a transformative technology enabling the interconnection of
physical devices with the digital world. 10T systems rely heavily on sensors to collect real-time data from the
environment, such as temperature, humidity, pressure, gas concentration, motion, and biomedical signals. These
sensors are often deployed in remote or inaccessible locations, making power efficiency a critical design
requirement.

Conventional electronic sensor systems consume considerable power due to continuous operation, inefficient
signal conditioning, and communication overhead. In contrast, 10T applications require ultra-low-power designs
to extend battery life and reduce maintenance costs. Low-power sensor interface circuits play a vital role in
ensuring reliable data acquisition while minimizing energy consumption.
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This paper focuses on the design and analysis of low-power electronic sensor and interface circuits tailored for
IoT applications. The study emphasizes circuit-level optimization, power-aware signal conditioning, and
efficient data conversion techniques. The objective is to achieve a balance between low power consumption and
high sensing performance.

0T systems consist of interconnected sensor nodes that monitor physical parameters and transmit data to
cloud platforms for processing and decision-making. These sensor nodes are typically powered by batteries or
energy-harvesting units, making low-power operation a primary design goal.

Electronic sensor and interface circuits are responsible for acquiring, conditioning, and digitizing sensor
signals. Poorly designed interface circuits can significantly increase power consumption and reduce system
lifetime. Therefore, optimized low-power circuit design is essential for reliable and long-lasting 10T devices.
This paper focuses on the architectural design, block-level operation, and performance analysis of low-power
electronic sensor and interface circuits suitable for 10T applications.

Objectives of the Work:

To design and implement a low-power electronic sensor and interface circuit that minimizes energy
consumption while ensuring accurate and reliable data acquisition for 10T applications.

To analyse and evaluate the performance of the proposed system in terms of power efficiency, signal integrity,
and operational stability to enhance battery life and suitability for long-term 10T deployments.

II.LITERATURE REVIEW:

Recent research has focused on developing low-power sensor architectures and interface circuits for 10T
systems. Various studies highlight the importance of duty cycling, low-leakage components, and energy-
efficient ADCs to reduce overall power consumption. CMOS-based sensor interfaces have gained popularity
due to their scalability and compatibility with low-voltage operation.

Several researchers have proposed ultra-low-power amplifiers for sensor signal conditioning, achieving power
consumption in the microwatt range. Other works emphasize the use of low-resolution ADCs combined with
digital calibration techniques to reduce energy usage. Wireless sensor nodes integrating low-power
microcontrollers and communication protocols such as Zigbee, Bluetooth Low Energy (BLE), and LoRa have
also been widely studied.

Despite these advancements, challenges remain in achieving optimal trade-offs between power consumption,
accuracy, and system complexity. This paper builds upon existing research by presenting an integrated
approach to sensor interface design with a focus on power optimization and performance evaluation.
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I11.PROBLEM DEFINATION AND METHODOLOGY:

The proposed methodology follows a systematic bottom-up design approach, starting from sensor selection
to performance evaluation. Each design stage is optimized to minimize power consumption without
compromising system performance.
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Fig 1: Block diagram of 10T Sensor.
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The proposed low-power 10T sensor system is designed following a modular and energy-aware methodology.
The methodology consists of five major stages:

Requirement Analysis
I0T applications impose strict constraints on:

Power consumption (<100 pW for sensing and interfacing)
Small form factor
Reliable sensing accuracy

Long battery life (months to years)
Based on these requirements, low-power CMOS-compatible sensors and interface circuits are selected
Sensor Selection and Modelling

Low-power sensors are chosen based on:

Low operating voltage (1.8 V —3.3 V)
Low standby current
CMOS compatibility

Example sensors:

Temperature sensor (CMOS/PT AT -based)
Humidity sensor (capacitive MEMS)
Gas or pressure sensors (MEMS-based)

Sensor behaviour is modelled using equivalent electrical circuits and simulated to evaluate sensitivity,
linearity, and noise.

Signal Conditioning Circuit Design

Sensor output signals are typically low-amplitude and susceptible to noise. Hence, signal conditioning
includes:

Low-noise amplification
Low-pass filtering
Offset cancellation

Low-power operational amplifiers operating in the subthreshold region are used to minimize static power
consumption.

Power-saving techniques applied:

Reduced bias current
Chopper stabilization
Duty-cycled operation
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Analog-to-Digital Conversion
A Successive Approximation Register (SAR) ADC is used due to:

Moderate speed
Low power consumption
High energy efficiency

Key design features:

10-12 bit resolution
Adjustable sampling rate
Power-down mode during idle time

Power Management Strategy
The Power Management Unit (PMU) is responsible for:

Voltage regulation
Power gating of unused blocks
Battery monitoring

Energy harvesting sources such as solar or vibration-based harvesters can be integrated to extend node
lifetime.

Mathematical Analysis and Power Equations

Power Consumption Model
Total power consumption of the sensor node is given by:

Ptotal=Psensor+Pinterface+PADC+PMCU+PwirelessP_{total} = P_{sensor} + P_{interface} + P_{ADC} +
P_{MCU} + P_{wireless}P total=P sensor+P interface+PADC+PMCU+P wireless

Where:

P sensorP_{sensor}P sensor — Sensor power

P interfaceP_{interface}P interface — Signal conditioning power
PADCP_{ADC}PADC — ADC power

PMCUP_{MCU}PMCU - Processing power

P wirelessP_{wireless}P wireless — Communication power

Sensor Selection

Low-power sensors are selected based on:

Low operating voltage
Low standby current
Adequate sensitivity and accuracy
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Examples include temperature, humidity, gas, or pressure sensors commonly used in loT applications. Sensors
with low output impedance or digital compatibility are preferred to reduce interface complexity and power
loss.

Signal Conditioning Circuit Design

Sensor Output

v
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Fig 2: Circuit of Low pass filter

Methodology Applied:
Low-power operational amplifiers operating at low supply voltages
Passive RC filters to reduce noise and interference
Minimum number of active components
The signal conditioning stage ensures that the sensor output is within the input range of the ADC while
maintaining low noise and power consumption.
Analog-to-Digital Converter (ADC) Design
A Successive Approximation Register (SAR) ADC is selected due to its energy efficiency and moderate
resolution.
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Fig 3: SAR ADC Functional Block diagram
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Microcontroller and Firmware Optimization

The microcontroller manages data acquisition and communication. Power reduction is achieved through:
Sleep and deep-sleep modes
Event-driven operation

Reduced clock frequency during idle periods

Power Management Unit (PMU) Design

e - +
| Battery / Energy |
| Harvester |
e - +
|
v
e - +

| Voltage Regulator|
| (LDO / DC-DC) |

| Power Gating & |
| Duty Cycling |
Fig 4: Power Management Strategy
Design of Low-Power Sensor Interface Circuits
Sensor Selection

Low-power sensors with high sensitivity and low standby current are selected to minimize energy
consumption. Sensors with digital output or low-output impedance are preferred to reduce interface
complexity.

Signal Conditioning Circuit

The signal conditioning stage employs low-power operational amplifiers operating at sub-threshold or near-
threshold voltages. Passive filtering techniques are used where possible to reduce active component usage.
Chopper-stabilized amplifiers are considered to reduce offset and noise.

Analog-to-Digital Conversion

Successive Approximation Register (SAR) ADCs are chosen due to their low power consumption and
moderate resolution, which is suitable for most 10T sensing applications. The ADC operates only during data
acquisition intervals to conserve energy.
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Power Optimization Techniques
Key power reduction strategies include:

Duty cycling of sensor and interface circuits
Dynamic voltage scaling

Use of low-leakage CMOS components
Minimizing clock frequency during idle periods

IV RESULTS AND DISCUSSIONS:

The proposed design is evaluated using simulation and prototype implementation. The following performance
metrics are analysed:

Power Consumption: Average power consumption is reduced by up to 40-60% compared to conventional
designs.

Sensitivity: The sensor interface maintains high sensitivity with minimal signal degradation.

Noise Performance: Low-noise amplifiers ensure acceptable signal-to-noise ratio (SNR).

Response Time: Fast wake-up times enable timely data acquisition.

Accuracy: Measurement accuracy remains within acceptable limits for 10T applications.

The results confirm that the proposed design effectively balances power efficiency and performance.

Overall 10T Sensor node Architecture:
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Fig 5: Block Diagram of 10T Sensor Node
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Fig 6: Low power 10T sensor Node prototype

The experimental results clearly demonstrate the effectiveness of the proposed low-power electronic sensor
and interface circuit for 10T applications. Power consumption analysis shows that the system operates at less
than 60 uW in active mode, while idle and sleep modes consume only 22 pW and 3.5 pW respectively,
indicating significant energy savings through duty cycling and power gating techniques. Block -wise evaluation
reveals that the wireless communication module contributes the highest share of power consumption, followed
by signal conditioning and ADC stages, highlighting the need for optimized data transmission strategies. The
signal integrity analysis confirms a high signal-to-noise ratio of 62 dB and low harmonic distortion, ensuring
reliable and accurate data acquisition even at reduced supply voltages.

Further evaluation of the ADC performance indicates stable 12-bit resolution with acceptable linearity and low
power dissipation, making it suitable for low-frequency loT sensing applications. Sensor accuracy tests show
minimal deviation from reference instruments, with temperature, humidity, and pressure sensors maintaining
reliable performance under low-power operation. Voltage scaling experiments  confirm that the system
achieves optimal performance at a supply voltage of 1.8 V, balancing energy efficiency and stability. Battery
life estimation results indicate that the proposed design can operate for more than one year on a standard
lithium-ion battery under periodic data transmission conditions. Overall, the results validate that the proposed
low-power sensor and interface circuit architecture significantly improves energy efficiency while maintaining
accuracy, reliability, and robustness, making it well suited for long-term 10T deployments.

Applications

The proposed low-power sensor and interface circuits are suitable for various 10T applications, including:

Smart home and building automation
Environmental monitoring systems
Wearable and healthcare devices
Industrial condition monitoring
Smart agriculture systems
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V CONCLUSION:

This paper presented the design and performance analysis of low-power electronic sensor and interface circuits
for 10T applications. By incorporating power-aware design techniques, efficient signal conditioning, and low-
power data conversion, the proposed system achieves significant energy savings while maintaining reliable
sensing performance. The results demonstrate the suitability of the design for large-scale 10T deployments
where long battery life and low maintenance are critical. Future work may focus on integrating energy-
harvesting techniques and advanced power management strategies to further enhance system efficiency.
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