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ABSTRACT

Modern electronics are built on semiconductors, which allow for improvements in communication,
computing, healthcare, and renewable energy systems. Miniaturized and highly efficient electronic
components are the result of ongoing research into semiconductor materials, fabrication techniques, and
device layouts. Fundamental semiconductor principles, recent developments in semiconductor materials,
new device technologies, fabrication difficulties, and upcoming trends are all covered in this essay.
Nanoscale devices, power semiconductors, and semiconductor applications in Internet of Things (I0T)
and artificial intelligence (Al) systems are given particular attention.
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1. Introduction

Materials classified as semiconductors have electrical conductivity that falls between that of conductors
and insulators. Because of its durability, abundance, and superior electrical qualities, silicon (Si) continues
to be the most widely used semiconductor material. Moore's Law has driven the semiconductor industry's
constant evolution, resulting in exponential gains in computing power and transistor density.
Improvements in speed, power efficiency, thermal performance, and device downsizing have been the
focus of recent research. Nanotechnology and advanced materials have revolutionized semiconductor
production and device functionality.

2. Materials for Semiconductors
2.1 Traditional Materials for Semiconductors Silicon (Si), Ge (Germanium) GaAs, or gallium arsenide,
SiC, or silicon carbide.
2.2 New Materials for Semiconductors GaN, or gallium nitride Graphene, MoS. and WS, transition
metal dichalcogenides Perovskites.
3.Technologies for Semiconductor Devices
3.1 Complementary Metal Oxide Semiconductor (CMQOS) Technology Because of its great integration
density and low power consumption, CMOS technology forms the basis of digital integrated circuits.

3.2 Devices with FINFET and GAAFET, FinFET offers superior electrostatic control. GAAFET makes
it possible to scale technology beyond 3 nm.

3.3 Semiconductor Power Devices
MOSFET
IGBT

GaN and SiC power transistors utilized in industrial automation, EVs, and renewable energy
systems.
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4. Process of Fabricating Semiconductors

» Growth of Crystals

Preparing Wafers

Oxidation

The use of photolithography
Etching

Implantation of lons

» Packaging Using Metallization
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5. Difficulties in Semiconductor Technology

» Effects of short channels

» Dissipation of heat

» Quantum tunneling

» Complexity of fabrication
» Exorbitant production costs

6. Semiconductor Applications

» Applications in the Field

» Al chips, GPUs, and CPUs for computing

» Medical imaging and biosensors in healthcare

» Wearable electronics, ADAS, loT smart sensors, and automotive EV power modules
» Power converters and solar cells are examples of renewable energy.

7. Upcoming Patterns Materials for 2D Semiconductors

» Devices for quantum computing

» Chips that are neuromorphic

» Integrated circuits that use photons

» Semiconductor accelerators tailored to Al

8. Semiconductors’ function in the Internet of Things

The fundamental hardware building blocks of Internet of Things systems are semiconductors.
Semiconductor components are essential for sensing, processing, connectivity, power management, and
data storage in all Internet of Things devices.

Memory

Sensors \ (Flash + SRAM)

MCU / Processor

RISC-V / ARM Security
Analog Front End (AFE) ( ) (Encryntion & TM)

Connectivity

ADC (WIFI / BLE / LTE / NB-10T)

Edge Al Engine

|

Power Management Unit (PMU)

Fig 1: Block diagram 10T Semiconductor System Block Diagram
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8.1 Sensor Made of Semiconductors

Semiconductor sensors are electronic devices that detect physical, chemical, or biological inputs and
translate them into electrical signals for control, monitoring, and measurement. They are made of
semiconductor materials, primarily silicon.In reaction to external stimuli like these, a semiconductor
sensor modifies its electrical characteristics (resistance, voltage, current, capacitance, or frequency).

— Temperature

— Pressure

— Light

- Gas

— The level of humidity

— Motion

— The magnetic field

— Chemical and biological materials

8.2 Table 1 Parameter

Diode Type Sensing Parameter Key Applications
PN Diode Temperature CPU, battery monitoring
Photodiode Light Cameras, optical sensors
Zener Diode Voltage Power systems
PIN Diode Radiation Medical imaging
Schottky Diode Gas, RF Gas detection, radar
Avalanche Diode Radiation Nuclear detection
IR Diode Infrared Motion sensors

Semiconductor Applications

Space & Defense Systems

Robotics & Industry 4.0

Renewable Energy Systems

Quantum Computing

5G / 6G Communication

Semiconductor

Medical Electronics & Biosensors

Autonomous Vehicles

10T & Smart Systems

Edge Al & Machine Learning

0 20 40 60 80 100
Percenatage (%)

Fig 2: Semiconductor Application
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9. Ultra-Low-Power Al Chips and Edge Al

In order to provide real-time analytics, predictive maintenance, visual processing, and speech recognition
at the edge, 10T semiconductors are quickly incorporating on-device Al acceleration. For the industrial
and medical Internet of things, vendors like STMicroelectronics and Qualcomm have introduced MCUs
and SoCs with built-in Al engines. This drastically lowers power usage, latency, and reliance on the cloud.

9.1 Computing at the Semiconductor Edge

The combination of edge computing architecture and semiconductor technologies allows for: Minimal

latency, Quick processing, Minimal power usage, Local data processing is accomplished by specialized

semiconductor chips (SoCs, NPUs, TPUs, ASICs, and FPGAS) in real-time intelligence edge devices.
Semiconductor Low-Power Application

Smart Agriculture

Robotics & Drones Smart Home Devices

Autonomous Vehicles
Smart Cameras & Vision Al

Industrial loT

Wearable Healthcare

Fig 3: Pie Chart
9.2 PCB

The term "semiconductor PCB diode" describes the choice, positioning, and use of semiconductor diodes
on a printed circuit board (PCB) for purposes such signal processing, sensing, switching, regulation,
protection, and rectification.

In order to regulate current flow, voltage levels, signal direction, or protection in electronic circuits, a
PCB diode is a semiconductor diode that is installed on a PCB.

Fig 4: Output of PCB Board Using Led On and Off and Temperature Sensor
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10. Conclusion

Innovation is still fueled by semiconductor technology in all areas of engineering. Current physical
constraints should be overcome by new device architectures and emerging materials, allowing for quicker,
more compact, and more effective electronic systems. Sustaining the quick speed of technological
advancement requires ongoing research. Final Thoughts on Semiconductors. Modern electronic and
communication systems are built on semiconductors. Compact, fast, and energy-efficient electronic
gadgets have been made possible by their special capacity to regulate electrical conductivity.
Semiconductors are essential components of computing, healthcare, automotive systems, industrial
automation, renewable energy, and the Internet of Things (10T), ranging from basic diodes and transistors
to intricate integrated circuits.

The performance, dependability, and power efficiency of devices have been greatly enhanced by recent
developments in semiconductor materials, nanotechnology, and production processes. The growing range
of semiconductor applications is further highlighted by emerging technologies like flexible electronics,
quantum devices, and artificial intelligence processors. Notwithstanding obstacles like as manufacturing
complexity, heat dissipation, and miniaturization limitations, ongoing research and innovation are
propelling sustainable advancement. To sum up, semiconductor technology will continue to be the
foundation of the digital revolution of the future, allowing for quicker, smarter, and more integrated
systems in every sphere of society.

References

1. Trotta, A. Esposito, L. Sciullo, L. Bononi and M. Di Felice, "Private Inference at the Extreme
Edge: Joint Mixed Precision Quantization and Model Splitting in Multi-Hop 10T Networks," 2026
IEEE 23rd Consumer Communications & Networking Conference (CCNC), Las Vegas, NV, USA,
2026, pp. 1-6, doi: 10.1109/CCNC65079.2026.11366617.

2. Lietal, "Wireless Laser Power Transfer for Low-Altitude Uncrewed Aerial Vehicle-Assisted
Internet of Things: Paradigms, Challenges, and Solutions,” in IEEE Internet of Things Magazine,
vol. 9, no. 2, pp. 108-116, March 2026, doi: 10.1109/MIOT.2025.3647026.

3. S.Mao, C. Yuen, L. Liu, M. Xiao, S. Yuand N. Zhang, "RIS-Enhanced Semantic-Aware Sensing,
Communication, Computation, and Control for Internet of Things,” in IEEE Transactions on
Wireless Communications, vol. 25, pp. 2231-2246, 2026, doi: 10.1109/TWC.2025.3595550.

4. S. Basu and E. Brunvand, "Semiconductor Microelectronics and Nanoelectronics Research and
Education in Academia,” in IEEE Design & Test, vol. 43, no. 2, pp. 72-91, April 2026, doi:
10.1109/MDAT.2025.3634314.

5. X. Lv, H. Chen and Z. Wang, "Cross Domain Anomaly Detection in Semiconductor
Manufacturing via Projection Comparison and Reconstruction in Latent Space,” in IEEE
Transactions on Semiconductor Manufacturing, doi: 10.1109/TSM.2026.3665531.

6. Y.Su, H. Dauod, B. Ananthanarayanan, N. S. Patel and F. Ju, "Decentralized Genetic Algorithm-
Based Online Rescheduling for Semiconductor Manufacturing Systems,” in IEEE Transactions
on Automation Science and Engineering, vol. 23, pp. 2282-2293, 2026, doi:
10.1109/TASE.2025.3597006.

7. Y.Liuetal., "Application-Oriented Power Semiconductor Switches Condition Monitoring Based
on Data-Driven Method,” inlEEE Transactions on Power Electronics, doi:
10.1109/TPEL.2026.3658927.

IJESTI 6 (3) https://doi.org/10.31426/ijesti.2026.6.3.6111 5


http://www.ijesti.com/

Vol 6, Issue 3, March 2026 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

8.

Z. Liu, J. Liang, P. Zhou, G. Xu and S. Long, "Advanced SHG Metrology for Epitaxial SiGe
Characterization in Semiconductor Manufacturing,” in IEEE Transactions on Semiconductor
Manufacturing, doi: 10.1109/TSM.2026.3662500.

F. L. Nouketcha et al., "Temperature-Dependent Breakdown-Voltage of Wide- and Ultrawide-
Bandgap  Semiconductors,” inlEEE  Transactions on Electron  Devices, doi:
10.1109/TED.2026.3661378.

10. K. Hussain, K. Selvi, G. Murugesan, S. Govindasamy, G. Ramachandran and A. N. Raj, "Internet

11.

12.

13.

of Things Based Agriculture Crop Cutting Mechanism Using Green Energy and its
Applications,” 2025 IEEE 14th International Conference on Communication Systems and
Network  Technologies (CSNT), Bhopal, India, 2025, pp. 1160-1164, doi:
10.1109/CSNT64827.2025.10967666

Kaur et al., "Automatic Irrigation and Crop Monitoring using Machine Learning and Internet of
Things," 2024 4th International Conference on Sustainable Expert Systems (ICSES), Kaski,
Nepal, 2024, pp. 245-249, doi: 10.1109/ICSES63445.2024.10763159.

Y. Huo, S. Acosta, M. J. D'Agati and R. H. Olsson, "A BiCMOS Circuit Interface for Low Power
and Low Noise Magnetic Field Sensor Systems,"” in IEEE Transactions on Circuits and Systems
I: Regular Papers, vol. 73, no. 1, pp. 30-38, Jan. 2026, doi: 10.1109/TCS1.2025.3589520.

D. V. M. Shervegar, "Sensors for Heart Sound Analysis: A Review," in IEEE Sensors Journal,
doi: 10.1109/JSEN.2025.3592827.

IJESTI 6 (3) https://doi.org/10.31426/ijesti.2026.6.3.6111 6


http://www.ijesti.com/

