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Practical EMI Shielding Methodologies for Flex Circuit Assemblies

Flex circuit assemblies are increasingly prevalent in modern electronics, offering flexibility, lightweight
design, and space-saving benefits. However, their susceptibility to electromagnetic interference (EMI)
poses a significant challenge in ensuring the reliability and performance of electronic devices.
Effective EMI shielding methodologies are crucial to mitigate these challenges. This paper explores
the pros and cons of four common methodologies for EMI shielding in flex circuit assemblies: copper
sheet, conductive epoxy, shielding film, and crosshatch.

Copper Sheet Shielding

Copper sheet shielding involves the application of thin copper sheets directly onto the flex circuit
substrate. This method offers several advantages:

Pros:
» Excellent conductivity: Copper is highly conductive, providing effective shielding against EMI.

* Mechanical strength: Copper sheets add mechanical strength to the flex circuit assembily,
enhancing its durability.

» High shielding effectiveness: Copper sheets offer high shielding effectiveness across a wide
range of frequencies.

* Increased weight and thickness: Adding copper sheets increases the weight and thickness of
the flex circuit assembly, potentially limiting its flexibility and compactness.

+ Complex manufacturing process: Integrating copper sheets requires precision manufacturing
processes, which may increase production costs.

» Risk of damage during flexing: Copper sheets may crack or delaminate when subjected to
repeated flexing, compromising shielding effectiveness.

Conductive Epoxy Shielding

Conductive epoxy is a popular choice for EMI shielding in flex circuit assemblies, involving the
application of a conductive adhesive onto the flex circuit substrate. Here are its pros and cons:

Pros:
+ Flexibility: Conductive epoxy offers flexibility, allowing the flex circuit assembly to maintain
its bendability.
+ Lightweight: Compared to copper sheets, conductive epoxy adds minimal weight to the
assembly, preserving its lightweight design.
» Conformal coating: Epoxy can be applied as a conformal coating, ensuring complete
coverage and effective shielding even in complex geometries.

Cons:
* Lower conductivity: While conductive epoxy provides adequate shielding, its conductivity
may be lower compared to copper, leading to slightly reduced shielding effectiveness.
» Adhesion issues: Ensuring proper adhesion of the epoxy to the substrate requires careful
surface preparation, and poor adhesion can result in shielding failure.
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» Conductive epoxy can be prone to FOD if not properly insulated with additional Kapton
cover layers.

Shielding Film

Shielding films, often composed of metallic or conductive polymer layers, are applied directly onto the
flex circuit substrate to provide EMI shielding. Here are the pros and cons:

Pros:

Cons:

* Lightweight and thin: Shielding films offer minimal weight and thickness, making them ideal
for applications where space and weight constraints are critical.

« Easy application: Films can be applied using standard lamination processes, simplifying
manufacturing and reducing production costs.

+ Excellent flexibility: Shielding films maintain the flexibility of the flex circuit assembly,
allowing it to bend and flex without compromising shielding effectiveness.

« Limited conductivity options: Some shielding films may have lower conductivity compared
to copper or conductive epoxy, potentially impacting shielding performance.

* Vulnerability to damage: Thin films may be more susceptible to damage from handling or
environmental factors, requiring careful handling and protection during assembly.

+ Cost considerations: While shielding films offer advantages in terms of weight and flexibility,
high-performance films may come at a higher cost compared to other shielding methods.

Crosshatch Shielding

Crosshatch shielding in flex circuitry involves creating a pattern of intersecting conductive traces on
one or both sides of the flexible substrate, typically from materials like polyimide. This pattern forms a
mesh-like structure that helps to contain and redirect electromagnetic radiation, reducing its impact on
nearby electronic components and signals.

Pros

Flexibility: Since it's implemented directly into the flexible substrate, crosshatch shielding
maintains the flexibility of the circuit, making it suitable for applications where ongoing flexibility
is required.

Cost-effective: Compared to some other EMI shielding methods, such as shielding films,
crosshatch shielding can be more cost-effective because it utilizes the existing flexible
substrate material and manufacturing processes.

Weight: It adds minimal weight to the overall assembly compared to bulkier shielding methods
such as copper sheet.

Effectiveness: When properly designed and implemented, crosshatch shielding can effectively
reduce EMI, helping to maintain signal integrity and prevent interference-related issues in
electronic devices.
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Cons
« Limited effectiveness at higher frequencies: While crosshatch shielding can be effective at
lower to moderate frequencies, it may not provide sufficient shielding effectiveness at very high
frequencies, such as those encountered in GHz ranges.

« Complexity of design: Designing the crosshatch pattern requires careful consideration of
factors such as trace width, spacing, and orientation to achieve optimal EMI shielding
effectiveness. This complexity can increase design time and cost.

» Dependence on layout: The effectiveness of crosshatch shielding can be influenced by the
layout of the circuit and the arrangement of components. Poor layout choices or interference
from nearby components can compromise its effectiveness.

» May not be suitable for all applications: In some cases, particularly in environments with
extreme EMI or where stringent shielding requirements must be met, alternative shielding
methods may be more appropriate.

Conclusion:

EMI shielding is a critical aspect of flex circuit assembly design, ensuring the reliable operation of
electronic devices in increasingly electromagnetic environments. Each of the discussed
methodologies—copper sheet, conductive epoxy, shielding film, and crosshatch—offers unique
advantages and disadvantages, allowing designers to choose the most suitable option based on
specific application requirements. By carefully considering factors such as shielding effectiveness,
flexibility, weight, and cost, designers can optimize the performance and reliability of flex circuit
assemblies in diverse electronic applications.

A final note, flex circuit shielding methodologies of all types depend on low-resistance current return-
path grounding at interconnect mating junctions and intermittently along long flex circuit runs. PCB
connector termination (grounding) to the flex, such as accomplished via threaded stand-offs integral
to the connector, is a critical flex and rigid-flex design element further ensuring signal integrity and
electromagnetic compatibility.
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