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Abstract:  The deployment of 5G technology introduces new challenges for electromagnetic interference 

(EMI) shielding due to the higher frequencies and densely packed systems it requires. Magnetic materials 

have shown considerable promise in addressing these challenges, offering solutions for efficient EMI 

shielding. This paper discusses about EMI and the emerging magnetic materials that are being developed and 

integrated into 5G systems to protect against EMI, focusing on materials like ferrites, nanostructured 

composites, and magnetic polymers. The paper also reviews their applications in 5G components such as 

antennas, filters, and enclosures. By exploring the advantages and challenges associated with these materials, 

this paper aims to shed light on the potential role of magnetic materials in improving EMI shielding for next-

generation wireless networks. 

 

Index Terms - Electromagnetic Interference, Shielding, Ferrites, Nano composites, Polymers 

I. INTRODUCTION 

   The safety and reliability of electrical and electronic systems face challenges due to exposure to 

electromagnetic (EM) environments. Such exposure can result in errors, malfunctions, or even permanent 

damage caused by electromagnetic interference (EMI) (1). From daily life, such as distorted TV signals, to 

critical fields like medical, industrial, military, and aerospace applications. EMI can disrupt communication 

aircraft control, automotive safety, medical devices, and other vital systems if not addressed (2). Emi can occur 

by two sources mainly- Natural and manmade. Natural EMI includes lightning, solar activity, cosmic noise 

and electrostatic discharge and Manmade EMI occurs by electrical equipment, electronic devices, 

communication systems, industrial machinery, powerlines, wireless technologies, vehicles etc. Types of EMI 

occurs is mainly by radiated emi and conducted emi based on the origin. EMI problems can cause data 

corruption, signal degradation and device malfunctions. Efforts to address electromagnetic interference (EMI) 

began gaining significant attention in the mid-1980s. Early suppression techniques primarily relied on external 

components such as EMI filters and electromagnetic shielding. These methods have certain limitations, 

including higher costs, increased system volume, and challenges in seamless integration into compact or 

complex designs (3). As technology advanced, innovative methodologies emerged to overcome these 

limitations. Designers began focusing on techniques like, circuit level solutions, material engineering, active 

suppression technique, integrated emi mitigation techniques. 

    Emi mitigation techniques (4) can be broadly categorized as design-based, component- based, and system-

level approaches.  

Design- based techniques - proper pcb layout design, signal routing, decoupling capacitors, controlled 

impedance  

Component- based techniques - EMI filters, Ferrite beads and chokes, Shielding, Transient Voltage 

Suppressors 

System level techniques - Grounding, Cable management, Isolation, Active Noise Cancellation 

Emerging techniques for mitigating emi problems involve Material Science Innovations (Incorporate 

advanced electromagnetic - absorbing materials into components and housings) and Integrated EMI 
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Suppression (Embed EMI suppression directly into IC’s and PCB designs to reduce reliance on external 

components). By these approaches systems can achieve robust protection against EMI while maintaining cost-

effectiveness and performance. 

 

 
fig: 1 emi 

 

1.1 Fundamentals of EMI 

 

   Electromagnetic Interference (EMI) shielding utilizes conductive or magnetic materials to reduce or block 

electromagnetic fields, protecting electronic devices and systems from unwanted interference. EMI can 

compromise the performance of sensitive equipment, degrade signal quality, or lead to system malfunctions, 

making effective shielding essential in design (5). Shielding technique is usually used for radiated EMI 

reduction. It is absorbing or echoing electromagnetic energy via all kinds of shielded material to prevent 

external interference (passive shielding) or restricting devices electromagnetic energy in certain area to 

prevent interfering other devices (initiative shielding). Hence, shielding has similar property to Faraday cage. 

Shielding is important technology of restraining EMI as good restraining effect on not only radiant 

interference but also electrostatic interference, engineering design, good shielding is realized under breezy 

condition (6). In communication system, shielding is commonly a thin piece of metal that is placed between 

a circuit board and other circuit boards or electronic equipment and on is a thin metal placed on a casing that 

contains the circuit board. The shielding made of shielding tapes and/or metal case/sheet can be employed to 

directly reduce or restrict radiated emissions. The main parameter related to this kind of electromagnetic noise 

is skin depth, which is defined as the distance from the surface of the metal where the current density has 

fallen to 1/e or 37 percent of its value at the surface. Shielding materials are used to block or attenuate 

electromagnetic interference (EMI) and electromagnetic radiation (7). 

   These materials are selected based on the properties like conductivity, permeability, durability, weight, and 

cost, making them suitable for specific applications and frequency ranges (8). Factors to Consider When 

Choosing Shielding Materials are 

Frequency Range: Ensure the material is effective for the interference frequencies. 

Durability: Consider environmental factors like moisture, temperature, and mechanical stress. 

Weight: Lightweight materials are preferable for aerospace, automotive, and portable devices. 

Cost: Balancing performance with budget constraints. 

Form Factor: Flexibility or rigidity depending on application requirements. 

Choosing the right shielding material ensures optimal EMI protection while maintaining performance and 

cost-efficiency (9). 

 

1.2 Advances in EMI Shielding for 5G Technology 

 

   The rollout of 5G technology brings the promise of ultra-fast data transfer speeds, reduced latency, and 

increased connectivity. However, the increased frequency spectrum, including the use of millimeter waves 

(24 GHz and above), poses significant challenges for EMI shielding (10). High-frequency signals used in 5G 

systems can easily couple with unintended components, leading to signal interference, performance 

degradation, and even system failure. Efficient EMI shielding is therefore crucial to ensure the reliability of 

these systems. Magnetic materials, due to their ability to absorb and redirect electromagnetic waves, are 

increasingly being explored for EMI shielding in 5G technology. These materials, when carefully engineered, 

can provide superior shielding performance while maintaining compact and light weight designs. 
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II. ROLE OF EMI SHIELDING IN 5G SYSTEMS 

   Electromagnetic Interference (EMI) in 5G EMI refers to unwanted electromagnetic energy that interferes 

with the performance of electronic devices and communication systems. Effective shielding is therefore 

essential to prevent signal loss, protect sensitive components, and ensure the overall integrity of 5G systems 

(11). Electromagnetic interference (EMI) shielding is a critical aspect of 5G technology, ensuring the 

reliability, performance, and safety of next-generation communication systems. The transition to 5G introduces 

unique challenges due to the use of higher frequency bands, including millimeter waves (24 GHz and above), 

and the need for compact, densely integrated designs. These factors make electronic components more 

susceptible to EMI, necessitating advanced shielding solutions. Key points about EMI shielding in 5G 

technologies include: 

 

1. Challenges in 5G EMI Shielding: 

• Higher Frequencies: The shorter wavelengths of millimeter waves require shielding materials with 

optimized conductivity and permeability to block or absorb electromagnetic interference effectively.  

• Compact Designs: High component density increases the risk of signal coupling and interference, 

demanding shielding materials that can fit within limited spaces.  

• Thermal Management: As 5G devices generate more heat shielding materials must also exhibit 

good thermal properties 

2. Material Innovations for 5G Shielding (8): 

a. Ferrites: These materials provide high magnetic permeability and are particularly effective in 

suppressing high-frequency noise.  

b. Nanostructured Composites: Combining magnetic and conductive properties at the nanoscale, these 

materials offer broad-spectrum EMI absorption (12).  

c. Magnetic Polymers: Flexible and lightweight, these materials are ideal for compact and portable 5G 

devices (13). d. Conductive Films and Coatings: Thin films and coatings made of conductive or 

magnetic materials can be applied to enclosures or circuit boards for localized shielding (14).   

3. Applications in 5G Systems: 

a. Antennas and Transceivers: Shielding prevents signal distortion and improves transmission 

quality (15). 

b. Printed Circuit Boards (PCBs): Embedded shielding layers reduce interference between tightly 

packed components.  

c. Enclosures: Shielding enclosures or housings block external EMI and contain emissions within the 

device (16). 

4. Performance Criteria for Shielding Materials: • Effectiveness across the 5G frequency range. 

• Durability under environmental and operational stress. 

• Lightweight and integration friendly for portable devices.  

 

Cost-effectiveness for mass production. Magnetic materials, nanocomposites, and other innovative 

solutions are enabling reliable and efficient performance in this high frequency era. As 5G networks 

expand, further advancements in material science will play a vital role in maintaining the integrity of 

wireless communication systems. 

2.1 Requirements for Effective Shielding  

   Effective electromagnetic interference (EMI) shielding is essential to protect electronic devices and systems 

from the adverse effects of electromagnetic disturbances. The following requirements are key to achieving 

reliable and efficient EMI shielding: 

1. Material Properties:  

• Conductivity: Materials with high electrical conductivity, such as copper, aluminum, or conductive 

polymers, are essential for reflecting electromagnetic waves.  

• Magnetic Permeability: Magnetic materials like ferrites are effective in absorbing and redirecting 

high frequency interference.  

• Skin Depth Optimization: The material's thickness should be optimized to match the skin depth for 

the operating frequency range. 

2. Frequency Range Compatibility:  

Specific frequency range of the application, including low, medium, and high-frequency bands (e.g., 

millimeter waves in 5G). 
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3. Environmental Resistance:  

• Durability: Materials must withstand environmental factors like moisture, temperature extremes, 

and mechanical stress. • Corrosion Resistance: Especially critical for outdoor or long-term 

applications to maintain shielding performance over time. 

4. Thermal Management:  

• Effective shielding materials should also possess good thermal conductivity to dissipate heat, 

especially in high-power or densely packed systems. 

5. Design Flexibility:  

• Form Factor: Materials should be available in various forms, such as films, foams, tapes, or 

coatings, to suit different design needs.  

• Compactness: Lightweight and thin shielding is crucial for applications in portable devices, 

aerospace, and automotive systems. 

6. Integration Capability:  

• Ease of Application: Shielding materials must be compatible with existing manufacturing 

processes for seamless integration into PCB’s, ICs, or enclosures.  

• Customizability: Materials should allow tailored solutions for specific applications and geometries. 

7. Cost Efficiency:  

• Balancing performance with economic feasibility is crucial, particularly for large-scale or 

consumer applications where cost is a limiting factor. 

8. Regulatory Compliance:  

• Shielding solutions must meet industry standards and regulations for electromagnetic compatibility 

(EMC) to ensure the safety and reliability of electronic devices. 

III. EMERGING MAGNETIC MATERIALS FOR EMI SHIELDING  

3.1. Ferrite Materials  

Ferrite materials are a group of magnetic ceramics primarily composed of iron oxides combined with other 

metal oxides, such as manganese, zinc, nickel, or cobalt. These materials possess ferromagnetic properties, 

making them highly useful in 5G technology. Ferrites, particularly soft ferrites, are among the most commonly 

used materials for EMI shielding in RF applications due to their high permeability and low conductivity (17). 

They can effectively absorb electromagnetic waves and convert them into heat, thus reducing the impact of 

interference. 

 

 Properties: Ferrites offer high magnetic permeability, low eddy current losses, and excellent resistance 

to corrosion. 

 Applications in 5G: Ferrites are used in inductive components, filters, and antennas, providing 

compact and efficient shielding. Ferrite beads are commonly used in 5G circuits to reduce high 

frequency noise. 

 Challenges: Limited saturation magnetization compared to metal-based magnets. Mechanical 

brittleness in ceramic forms. Temperature sensitivity in some ferrites affects magnetization. 

  Research Focus: Ongoing studies aim to enhance the frequency response of ferrites, particularly for 

the millimeter wave range used in 5G. 

 

3.2. Magnetic Nanocomposites 

Nanocomposites, which combine magnetic particles (such as ferrite or iron oxide) with a polymer or ceramic 

matrix, are gaining attention for their excellent EMI shielding properties. The small size of the particles and 

the combination with a matrix material allows for a high surface-area-to-volume ratio, enhancing the 

absorption of electromagnetic waves (18). Nanoparticles can exhibit unique magnetic properties like super 

Para magnetism, high coercivity, and saturation magnetization.  

 

 Properties: These materials can be tailored to specific frequencies, offering flexibility in design. Their 

nanostructured nature provides high shielding efficiency while maintaining lightweight properties.  

 Applications in 5G: Magnetic nanocomposites are used in the fabrication of shielding enclosures, 

circuit boards, and electromagnetic absorption materials in 5G devices. It is also used in magnetic 
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sensors, transformers and inductors. Improved mechanical properties for aerospace and automotive 

industries. 

 Challenges: Large scale synthesis while maintaining consistent quality is a significant challenge. 

High production cost due to the need for specialized synthesis techniques. 

 Research Focus: Researchers are working on optimizing the magnetic properties and the dispersion 

of nanoparticles within the matrix to improve shielding effectiveness. 

3.3 Magnetic Polymers 

Magnetic polymers are another promising class of materials for EMI shielding in 5G technology. These 

materials that combine the flexibility and processability of polymers with the magnetic properties of 

embedded magnetic particles or domains. These materials combine the flexibility of polymers with the 

magnetic properties of ferrites or metal particles. The types of magnetic polymers include Polymer- Magnetic 

particle composites made by embedding magnetic particles and common polymer matrices include, 

Thermoplastics, Elastomers, Thermosets. 

 Properties: Magnetic polymers are lightweight, flexible, and easy to process. It can be molded, 

extruded, or 3D printed into complex shapes. Their properties can be engineered by adjusting the 

concentration of magnetic fillers or by modifying the polymer matrix. 

 Applications in 5G: Magnetic polymers are being used in flexible, wearable electronics, antenna 

enclosures, and lightweight EMI shielding coatings. It is used to create soft, flexible robots that 

respond to external magnetic fields. 

 Challenges: Ensuring uniform dispersion of magnetic particles in the polymer matrix. These 

tradeoffs between magnetic strength and mechanical flexibility. It has compatibility between 

magnetic particles and the polymer. 

 Research Focus: The challenge lies in optimizing the material’s magnetic properties while ensuring 

processability and durability for commercial applications. 

 

3.4 Graphene-based Magnetic Materials  

Graphene, a 2D carbon material, is increasingly being studied for its potential in electromagnetic shielding. 

When combined with magnetic nanoparticles or materials, graphene can enhance both the mechanical and 

electromagnetic properties of the composite (20). These materials are particularly relevant for enabling higher 

data transfer speeds, low latency, and enhanced connectivity in the demanding environment of 5G networks. 

 

 Properties: Graphene composites have high electrical conductivity, flexibility, lightweight, 

mechanical strength, and excellent EMI shielding effectiveness. The integration of magnetic 

nanoparticles enhances their ability to shield against high-frequency electromagnetic waves. It ensures 

long-term performance in extreme conditions, such as high temperatures and strong electromagnetic 

fields.  

 Applications in 5G: Graphene-based magnetic materials are being explored for use in flexible, high-

performance EMI shielding films and coatings in 5G devices. Spintronics utilizes electron spin 

transport properties make 

it an ideal material for spintronic devices. It can create magnetically tunable devices that improve the 

selectivity and performance of frequency filters in 5G communication systems. 

 Challenges: Large scale production of graphene-based magnetic materials with consistent quality is a 

challenge. Compatibility with current 5G infrastructure needs further research. Reducing the cost of 

graphene production and composite fabrication is crucial for widespread adoption. 

 Research Focus: Researchers are investigating scalable production methods and the optimization of 

graphene- magnetic material composites for 5 G applications. 
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IV. APPLICATION OF MAGNETIC MATERIALS IN EMI SHIELDING FOR 5G 

 

4.1 Antennas and RF Components 

 

In 5G systems, antennas are critical components for signal transmission and reception. Magnetic materials are 

used in antenna designs to reduce EMI and improve signal quality. Ferrites and magnetic composites can be 

integrated into antenna structures to absorb unwanted signals and prevent cross-talk between components. 

 

4.2. Filters and Circuit Boards  

 

Filters are essential for separating frequency bands and reducing interference. Magnetic materials, such as 

ferrites, are used to construct filters that can effectively block unwanted signals (21). Additionally, magnetic 

materials are used in printed circuit boards (PCBs) to reduce EMI and improve the overall performance of 5G 

systems. 

 

4.3. Shielding Enclosures  

 

5G devices require enclosures that can effectively shield internal components from external EMI. Magnetic 

materials are used in the development of these enclosures, ensuring that sensitive components are protected 

from electromagnetic disturbances.  

 

4.4. Flexible Electronics  

With the rise of flexible and wearable electronics in 5G networks, magnetic materials are increasingly used in 

flexible EMI shielding solutions. Magnetic polymers and nanocomposites offer a lightweight, flexible option 

for shielding in wearable devices without compromising performance.  

 

V. CHALLENGES AND FUTURE OUTLOOK 

 

While magnetic materials show great promise for EMI shielding in 5G, there are several challenges that need 

to be addressed: 

 Material Compatibility: Integrating magnetic materials with other components in 5G systems can be 

challenging due to differences in material properties. 

 Cost and Scalability: Some advanced magnetic materials, such as graphenebased composites, may have 

high production costs, limiting their widespread adoption. 

 Performance Optimization: The demand for higher-frequency shielding in 5G requires continuous 

research into the frequency response and absorption capabilities of magnetic materials. 

 Sustainability and Green Materials: Eco friendly magnetic materials and manufacturing processes will 

gain importance, including biodegradable polymers and recycled metal-based composites. 

 Multifunctionality: Materials that combine EMI Shielding with other formalities, such as thermal 

management, mechanical strength, and optical transparency, will be in demand. 

 Integration with IoT and 5G/6G: With the rise of IoT devices and high frequency communication 

systems like 5G and 6G, materials need to adapt to higher frequencies and offer compact, lightweight 

solutions. 

 AI and Machine Learning in Material Design: AI-driven modeling and simulation are accelerating the 

discovery and optimization of magnetic materials for EMI Shielding, reducing development time and 

cost. 

 

Future developments will likely focus on improving the magnetic properties of existing materials, creating new 

composite materials, and finding sustainable alternatives to rare-earth materials used in magnetic shielding.  
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VI. CONCLUSION 

 

   In conclusion, the rapid deployment of 5G technology presents significant challenges in managing 

electromagnetic interference (EMI) due to the higher frequency bands and densely integrated device 

architectures. As traditional shielding materials struggle to meet the stringent requirements of 5G systems, 

magnetic materials offer a promising solution, providing effective EMI shielding while aligning with the 

compact and lightweight demands of next-generation devices. Ferrites, magnetic nanocomposites, and 

magnetic polymers exhibit exceptional potential for addressing the unique shielding needs of 5G components, 

such as antennas, filters, and enclosures. development of graphene-based composites and the refinement of 

magnetic properties, is essential for realizing the full potential of magnetic materials in 5G EMI shielding. 

Future innovations will focus on overcoming material compatibility issues, improving production techniques, 

and ensuring regulatory compliance, all while maintaining the performance standards required for 5G 

applications. 

   Despite the promising advancements, there are still challenges in optimizing the performance, scalability, 

and cost-effectiveness of these materials. Ongoing research in material science, including the development of 

graphene-based composites and the refinement of magnetic properties, is essential for realizing the full 

potential of magnetic materials in 5G EMI Shielding. 

 

VII. ACKNOWLEDGEMENT 

 

We express our sincere gratitude to the Federal Institute of Science and Technology (FISAT), Angamaly, 

Kerala, India, for providing the facilities and resources to conduct this research. Special thanks to the 

Department of Electrical and Electronics Engineering for their guidance and support throughout this study.  

We extend our heartfelt appreciation to Dr. Rinku Scaria for her mentorship and constructive feedback, which 

were instrumental in shaping this paper. We also acknowledge the collaboration and insightful discussions with 

our colleagues and peers, which enriched the scope of this research. 

Finally, we thank our families and friends for their unwavering encouragement and support during this 

endeavor. 

 

REFERENCES: 

 

[1]  F. Sabath, "A systematic approach for electromagnetic interference risk management," in IEEE 

Electromagnetic 

Compatibility Magazine, vol. 6, no. 4, pp. 99- 106, Fourth Quarter 2017, doi: 10.1109/MEMC.0.8272296. 

[2]  Hamouda Samir & Amneenah Naji. (2024). Electromagnetic Interference Impacts onElectronic Systems 

and Regulations. 1. 124-127. 

[3]  Sreekumar, Vishnu and A, Sukesh, A Review of the EMI Mitigation Techniques in Power Converters 

(September 5, 2019). In proceedings of the International Conference on Systems, Energy & Environment 

(ICSEE) 2019, GCE Kannur, Kerala, July 2019 

[4]  Yazdani, M.R. & Farzanehfard, Hosein & Faiz, Jawad. (2011). Classification and Comparison of EMI 

Mitigation Techniques in Switching Power Converters - A Review. Journal of Power Electronics. 

11.10.6113/JPE.2011.11.5.767. 

[5]  F. Sabath, "A systematic approach for electromagnetic interference risk management," in IEEE 

Electromagnetic Compatibility Magazine, vol. 6, no. 4, pp. 99-106, Fourth Quarter 2017, 

doi:10.1109/MEMC.0.8272296. 

[6]  M. T. Ma, M. Kanda, M. L. Crawford and E. B. Larsen, "A review of electromagnetic 

compatibility/interference measurement methodologies," in Proceedings of the IEEE, vol. 73, no. 3, pp. 

388-411, March 1985, doi:10.1109/PROC.1985.13164. 

[7]  L. Chen, "Novel carbon additive for high performance EMI shielding materials," 2020 IEEE International 

Symposium on Electromagnetic Compatibility & Signal/Power Integrity (EMCSI), Reno, NV, USA, 2020, 

pp. 591-591, doi:10.1109/EMCSI38923.2020.9191473. 

[8]  H. Saadi and R. Oussaid, "Materials Effect on Shielding Effectiveness," 2007 IEEE International 

Conference on Signal Processing and Communications, Dubai, United Arab Emirates, 2007, pp. 999-1002, 

doi: 10.1109/ICSPC.2007.4728490. 

http://www.ijcrt.org/


www.ijcrt.org                                                       © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882 

IJCRT2501061 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a577 
 

[9] R. Oussaid, "The electromagnetic shielding depending on material's parameters," 2011 International 

Conference on Multimedia Computing and Systems, Ouarzazate, Morocco, 2011, pp. 1-4, 

doi:10.1109/ICMCS.2011.5945568. 

[10]  A. Amaro et al., "EMI Shielding Effectiveness Study for Innovative Carbon Nanotube Materials in the 

5G Frequency Region," in IEEE Transactions on Electromagnetic Compatibility, vol. 65, no. 1, pp. 177-185, 

Feb. 2023, doi: 10.1109/TEMC.2022.3209708.  

[11]  Li, Jay & Tsai, Mike & Chiu, Ryan & He, Eric & Hsieh, Alex & Tsai, Ming-fan & Chu, Frank & Chen, 

J. & Jian, Shunyu & Chen, Simon & Wang, Yu-Po. (2020). EMI Shielding Technology in 5G RF System in 

Package Module. 931-937. 10.1109/ECTC32862.2020.00152.  

[12]  P. Li, Y. Shan, X. Yin, L. Jin and J. Deng, "EMI shielding effectiveness of carbon nanotubes based 

composites," 2012 Conference on Precision electromagnetic Measurements, Washington, DC, USA, 2012, 

pp. 642-643, doi: 10.1109/CPEM.2012.6251093.  

[13]  Chong Min Koo; Faisal Shahzad; Pradip Kumar; Seunggun Yu; Seung Hwan Lee; Jun Pyo Hong, 

"Polymer‐Based EMI Shielding Materials," in Advanced Materials for Electromagnetic Shielding: 

Fundamentals, Properties, and Applications , Wiley, 2019, pp.177-217, doi: 10.1002/9781119128625.ch9.  

[14]  Li, Pengcheng & Du, Donghe & Guo, Lin & Guo, Yongxin & Ouyang, Jianyong. (2016). Stretchable 

and Conductive Polymer Films for High-Performance Electromagnetic Interference Shielding. J. Mater. 

Chem. C. 4. 10.1039/C6TC01619G. 

[15]  J. Das, A. Samokhvalov, S. P. Karna, A. J. Hall, M. Mirotznik and D. Seifu, "Nano- Antennas for 

Efficient Electromagnetic Interference Shielding at the Microwave Frequency Range," 2023 IEEE 

Nanotechnology Materials and Devices Conference (NMDC), Paestum, Italy, 2023, pp. 164-168, doi: 

10.1109/NMDC57951.2023.10343813. 

[16]  Salvatore Celozzi; Rodolfo Araneo; Paolo Burghignoli; Giampiero Lovat, "Enclosures," in 

Electromagnetic Shielding: Theory and Applications,  IEEE, 2023 

[17]   N. M. Faudzi et al., "Comparative Study of Ferrite and Amorphous Shielding Materials for NFC Tag 

Antenna on Metal," 2023 IEEE International Symposium on Antennas and Propagation (ISAP), Kuala 

Lumpur, Malaysia, 2023, pp. 1-2, doi: 

10.1109/ISAP57493.2023.10388437. 

[18]  Ismail, Ismayadi & Azis, Raba'ah. (2024). A review of magnetic nanocomposites for EMI shielding: 

synthesis, properties, and mechanisms. Journal of Materials Science. 59. 1-37. 10.1007/s10853-024-09527-2. 

[19]  J. V. Masi, "New magnetic polymers," 2007 Electrical Insulation Conference and Electrical 

Manufacturing Expo, Nashville, TN, USA, 2007, pp. 352-355, doi: 10.1109/EEIC.2007.4562641. 

[20]  S. Ayub, B. H. Guan and F. Ahmad, "Graphene and Iron based composites as EMI shielding: A 

Systematic Review," 2020 Second International Sustainability and Resilience Conference: Technology and 

Innovation in Building Designs (51154), Sakheer, Bahrain, 2020, pp. 1-5, doi: 

10.1109/IEEECONF51154.2020.9319943. 

[21]  M. C. Caponet, F. Profumo and A. Tenconi, "EMI filters design for power electronics," 2002 IEEE 33rd 

Annual IEEE Power Electronics Specialists Conference. Proceedings (Cat. No.02CH37289), Cairns, QLD, 

Australia, 2002, pp. 2027-2032 vol.4, doi: 10.1109/PSEC.2002.1023112. 

[22]  P. González-Vizuete, J. Bernal-Méndez, M. J. Freire and M. A. Martín-Prats, "Improving Performance 

of Compact EMI Filters by Using Metallic and Ferrite Sheets," in IEEE Transactions on Power Electronics, 

vol. 36, no. 8, pp. 9057-9068, Aug. 2021, doi: 10.1109/TPEL.2021.3057235. 

[23]   J. Tahalyani, M. J. Akhtar and K. K. Kar,"Graphene Nanoplatelets-Based Lightweight Flexible 

Nanocomposites for EMI Shielding Application," in IEEE Transactions on Electromagnetic Compatibility, 

vol. 64, no. 5, pp. 1674-1682, Oct. 2022, doi: 10.1109/TEMC.2022.3198646. 

[24]  Sur Roy, Sanjoy & Meyyappan, M. & Giri, Pravat. (2024). Multilayered MXene- PEDOT:PSS 

Composite for Electromagnetic Interference Shielding. IEEE Journal on Flexible Electronics. PP. 1-1. 

10.1109/JFLEX.2024.3374690. 

[25]   L. Mohan, M. Setty, S. Karakkad and S. T. Krishnan, "Characterization of Carbon-Based Epoxy 

Nanocomposite Shield for Broadban EMI Shielding Application in X and Ku Bands," in IEEE Transactions 

on Nanotechnology, vol. 20, pp. 61-68, 2021, doi: 10.1109/TNANO.2020.3045181. 

 

 

http://www.ijcrt.org/

