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Executive Summary 
As computing, networking, industrial, and embedded systems continue to evolve, 
designers face increasing challenges in maintaining signal integrity and electromagnetic 
compatibility (EMC) in compact, highly integrated products. 

M.2 modules are widely used to integrate storage, communication, and expansion 
functions into modern electronic systems. However, as high-speed components are 
placed closer together, unwanted electromagnetic emissions can impact overall system 
performance and regulatory compliance. 

The I-PEX SX-M2 Series is a shielded B-Key M.2 connector solution designed to reduce 
electromagnetic emissions at the interconnect level while maintaining excellent signal 
transmission characteristics. Its unique shield shell structure and slide-cover mechanism 
help suppress EMI around the connector, improving EMC performance without affecting 
standard M.2 compatibility. 

By integrating EMI suppression directly into the connector, SX-M2 provides greater design 
flexibility and supports reliable operation across a wide range of applications. 

 
 

Market Trends 
The growth of data-intensive applications, edge computing, artificial intelligence, and 
connected devices is driving demand for higher-speed processing, storage, and wireless 
connectivity. 

 



At the same time, electronic products continue to become smaller and more integrated, 
placing high-speed modules, processors, and wireless devices in close proximity. This 
increases the risk of electromagnetic interference and makes EMC performance a critical 
system-level requirement. 

As a result, designers are seeking solutions that help control EMI early in the design 
process while maintaining compact system architectures and high-performance operation. 

 

Technical Challenges 
As system integration increases, designers must address several EMC-related challenges 
that can affect product performance and compliance. 

Common-Mode Noise Generation 

Signal imbalance caused by impedance discontinuities or interconnect structures can 
generate common-mode currents, which are a major source of radiated emissions. 

Electromagnetic Leakage from Connector Structures 

Openings and gaps within connector structures can allow electromagnetic energy to 
escape, contributing to increased EMI. 

Grounding and Return Path Discontinuities 

Inefficient return current paths can increase radiation and degrade signal quality. Effective 
grounding is essential for stable high-speed performance. 

Electromagnetic Coupling Between Adjacent Components 

Noise generated by nearby modules can couple into adjacent circuits, potentially affecting 
communication performance, signal integrity, and system reliability. 

 

SX-M2 Architecture and Key Benefits 

The SX-M2 Series is a shielded M.2 connector designed to improve electromagnetic 
compatibility while maintaining full compatibility with the standard M.2 interface. By 
integrating EMI suppression features directly into the connector, SX-M2 helps simplify 
system design, optimize space utilization, and improve overall system reliability. 

 

 

 

 



Fully Integrated Shielded Design 

A metallic shield shell surrounds the connector and works together with a movable slide 
cover to reduce electromagnetic leakage around the M.2 interface. Once the module is 
inserted and the slide cover is closed, the shielding structure becomes effective 
automatically without requiring additional tapes, brackets, or external shielding 
components. 

Benefits 

• Improved EMI performance at the connector level 

• Reduced need for secondary shielding materials 

• Simplified system design and assembly process 

• More efficient utilization of PCB and system space 

 

 

 

Enhanced Grounding Structure 

The shield shell directly contacts the M.2 module ground pattern, creating a low-
impedance return path that helps suppress unwanted noise propagation and improve 
electromagnetic compatibility. 

Benefits 

• Reduced radiated emissions 

• Improved noise containment 

• Enhanced system-level EMC performance 

• More stable operation in densely integrated systems 



 
 

Manufacturing-Friendly Design 

Despite its shielding structure, SX-M2 maintains visibility for Automated Optical Inspection 
(AOI), enabling reliable solder joint inspection during production. 

Benefits 

• Supports manufacturing quality control 

• Improves inspection reliability 

• Reduces production risk and process variation 

 

 

 

 

 

 



Standard M.2 Compatibility (B-Key) 

SX-M2 preserves the electrical and mechanical compatibility of the standard 67-position 
M.2 connector, allowing implementation within existing system architectures without 
significant redesign. 

Benefits 

• Easy adoption in existing platforms 

• Minimal impact on system architecture 

• Faster development cycles 

• Lower implementation cost 

 

 

 

EMI Analysis Results 
To evaluate shielding effectiveness, 3D electromagnetic simulations and radiated noise 
analyses were performed, comparing the SX-M2 connector against a conventional M.2 
connector. 

Simulation Condition 
   Simulation Software: CST studio suite 2024 SP5 
   Frequency Setting: 2.4 GHz, 5 GHz, 6 GHz 

 

 



 

 
 

 

Simulation Results 

 

EMI Simulation 2.4 GHz 

 



EMI Simulation 5 GHz 

EMI Simulation 6 GHz 



Simulation results demonstrated a measurable reduction in radiated energy around the 
connector across the evaluated frequency range. 

Compared with conventional M.2 connectors, the SX-M2 design significantly reduced the 
concentration of electromagnetic fields around the connector area. These results confirm 
the effectiveness of the integrated shield shell and slide-cover structure in containing 
electromagnetic emissions and limiting electromagnetic leakage. 

The analysis also showed a reduction in radiated hot spots around the connector opening, 
contributing to improved electromagnetic compatibility and increased design margins at 
the system level. By reducing electromagnetic emissions at the interconnect, SX-M2 helps 
support more reliable operation in densely integrated electronic systems.

 

Signal Integrity (SI) Evaluation 

Adding EMI mitigation structures often raises concerns about degradation of high-speed signal 
performance. However, SX-M2 has been designed to maintain the transmission characteristics 
required for modern high-speed interfaces. 

The following performance parameters were evaluated: 

• Insertion Loss 
• Return Loss 
• Near-End Crosstalk (NEXT) 
• Far-End Crosstalk (FEXT) 

 



SI Results 

 
        Insertion Loss                                                               Return Loss 

 

   NEXT (Near End Cross Talk)                                  FEXT (Far End Cross Talk) 
 

Testing verified that the SX-M2 shielding structure delivers enhanced EMI suppression 
while preserving signal integrity performance. 

The results indicate that effective EMI mitigation can be implemented directly at the 
connector level without introducing adverse effects on signal transmission. This enables 
improved system-level EMC performance without the traditional trade-off between 
electrical performance and EMI reduction. 

 

System Design Benefits 
By incorporating SX-M2 into electronic systems, designers can improve electromagnetic 
compatibility while simplifying system integration and reducing development risk. 

Reduced EMC Certification Risk 

By suppressing electromagnetic emissions at the connector level, SX-M2 helps reduce the 
likelihood of EMC compliance issues during product development and qualification, 
minimizing the risk of costly redesigns and project delays. 

 



Improved Coexistence of Electronic Subsystems 

Reducing unwanted electromagnetic radiation helps minimize interactions between 
neighboring components and subsystems, supporting more stable operation and overall 
system reliability in densely integrated designs. 

Reduced Dependence on Additional Shielding Components 

SX-M2 can reduce the need for supplemental shielding enclosures, conductive gaskets, 
shielding tapes, and other EMI countermeasures. This helps lower component count, 
simplify assembly, and streamline system design. 

Greater Design and Layout Flexibility 

Enhanced EMI performance provides designers with greater flexibility when placing 
modules and other electronic components within compact products, enabling more 
efficient use of available space. 

 

Conclusion 
As electronic devices become smaller and more integrated, controlling electromagnetic 
interference (EMI) is increasingly important. 

Conventional M.2 connectors can be a source of radiated emissions that impact EMC 
performance. The I-PEX SX-M2 connector addresses this issue with its unique Shield Shell 
and Slide Cover design, which helps suppress EMI while maintaining excellent signal 
integrity. 

Designed for B-Key M.2 applications, SX-M2 remains fully compatible with standard M.2 
interfaces and provides built-in EMI suppression without requiring additional shielding 
components. This allows easy integration into existing system designs while helping 
improve EMC performance. 

By combining EMI suppression, signal integrity, and standard M.2 compatibility, SX-M2 
provides a practical solution for a wide range of B-Key M.2 applications. It helps simplify 
system design, improve EMC performance, and support reliable operation across 
computing, networking, industrial, and communication equipment. 

By reducing EMI at the connector level, SX-M2 minimizes the need for additional 
countermeasures and offers a simple, effective solution for next-generation M.2 platforms. 
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