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Optimizing Flex and Rigid-Flex Circuit Board Assemblies for High-Speed Signals
Introduction

Flex and rigid-flex circuit boards have become essential components in modern electronic systems.
Designing these boards to handle signals at 10 Gbps (Gigabits per second) and beyond requires
careful consideration of various factors to ensure signal integrity and reliability. This white paper
explores key elements in maximizing flex and rigid-flex circuit boards for high-speed 10 Gbps signals,
including characteristic impedance matching, crosstalk mitigation, minimizing reflections, managing
trace widths, layer-to-layer spacing, the role of shielding, and other crucial design and fabrication
methodologies. Let's summarize the basic performance issues first before going into depth on the key
techniques employed in high-speed flex and rigid-flex board fabrication.

Characteristic Impedance Matching

Achieving proper characteristic impedance matching is essential for minimizing signal distortion and
ensuring signal integrity in high-speed flex applications. Key considerations include utilizing controlled
impedance traces with precise dielectric constant and trace geometry to match the desired
characteristic impedance (e.g., 50 ohms for high-speed signals). The goal is to minimize impedance
discontinuities or variations caused by changes in trace width, bends, or transitions between different
layers to mitigate signal reflections and impedance mismatch.

Crosstalk Mitigation

Crosstalk between adjacent traces can degrade signal quality and increase the risk of data errors.
Practical techniques for crosstalk mitigation include maintaining precise spacing between signal
traces to reduce capacitive coupling and minimize crosstalk effects. Ground and return-path shielding
is also utilized to isolate signals and mitigate crosstalk both between signal traces.

Minimizing Reflections

Reflections occur when signals encounter impedance mismatches or discontinuities along their
transmission path. To minimize reflections, designers may employ matched terminations, such as
with series resistors or termination resistors, at the ends of transmission lines to absorb reflected
energy and prevent signal reflections.

Layer-to-Layer Spacing

Layer-to-layer spacing is crucial in high-speed flex circuit design, affecting signal integrity, impedance
control, and mechanical flexibility. It directly influences characteristic impedance and signal
reflections, balancing these with manufacturability and reliability concerns. Optimal spacing ensures
flex circuits meet the performance needs of high-speed electronic systems without compromising
manufacturability or reliability.
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Let’s explore several key fabrication issues now in more detail, including shielding, dielectric material
selection, rigid-flex optimization for high speed, and impedance management at the connector-to-
board interface.

Shielding Techniques in High-Speed Flex Boards

Managing electromagnetic interference (EMI) through proper shielding techniques is essential for
maintaining high-speed signal integrity in flex circuit boards. EMI can degrade signal quality, leading
to data errors, timing issues, and overall performance degradation in high-speed electronic systems.
By implementing effective shielding techniques, designers can minimize the impact of EMI on flex
circuit boards. Shielding helps contain electromagnetic emissions and prevents external interference
from disrupting sensitive signals. This ensures that high-speed signals remain robust and reliable,
enabling the flex circuit board to meet the stringent performance requirements of modern electronic
applications.

Two common methods (discussed in detail in a previous whitepaper) are cross-hatch shielding and
copper sheet ground planes. Each approach offers distinct advantages and considerations in terms of
signal integrity and electromagnetic interference (EMI) mitigation.

Cross-hatch shielding involves creating a pattern of intersecting conductive traces on the flex board's
surface. This pattern forms a mesh-like structure that provides EMI shielding while allowing flexibility
for the board. Cross-hatch shielding is particularly effective in reducing electromagnetic emissions
and crosstalk between adjacent traces. By strategically designing the cross-hatch pattern, designers
can achieve a balance between shielding effectiveness and flexibility, crucial for applications requiring
both high-speed performance and mechanical flexibility.

Copper sheet ground planes involve covering one or more layers of the flex board with a continuous
layer of copper. These ground planes act as shields against EMI by providing a low-impedance path
to ground and reducing the propagation of electromagnetic fields. Copper sheet ground planes offer
excellent shielding effectiveness and can help maintain consistent impedance across signal traces.
Additionally, they provide mechanical reinforcement to the flex board, enhancing its structural integrity
and durability.

When comparing the two methods, cross-hatch shielding offers greater flexibility and weight savings
compared to copper sheet ground planes. The mesh-like structure allows the flex board to bend and
flex without compromising shielding effectiveness, making it well-suited for applications requiring
mechanical flexibility. However, cross-hatch shielding may be less effective in shielding against lower
frequency EMI compared to copper sheet ground planes.

Copper sheet ground planes, on the other hand, provide superior shielding performance across a
wide frequency range, making them suitable for applications with stringent EMI requirements and
high-speed data loss budgets. Additionally, the continuous layer of copper enhances the mechanical
strength of the flex board, making it more resistant to bending and torsion. However, the rigidity of
copper sheet ground planes may limit the flexibility of the flex board in certain applications.
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Dielectric Material Choices

In high-speed flex and rigid-flex circuitry, the choice of dielectric materials surrounding signal traces
plays a crucial role in signal integrity. Ideally, the dielectric should have low-loss characteristics to
minimize signal attenuation and preserve signal strength. However, some dielectric materials exhibit
higher insertion loss, meaning they absorb and dissipate more of the signal energy as it propagates
along the trace. High insertion loss in dielectric materials can result from various factors, including
dielectric constant, loss tangent, and frequency dependence. Dielectric materials with high dielectric
constants tend to have higher insertion loss, as they exhibit greater capacitive coupling with the signal
trace, leading to increased energy loss through the dielectric. Similarly, materials with high loss
tangents dissipate more energy as heat, further contributing to signal attenuation.

At high frequencies, the effects of dielectric loss become more pronounced, leading to significant
signal degradation. As a result, signals may experience increased attenuation, distortion, and
reduced signal-to-noise ratio (SNR). This can result in data errors, timing issues, and overall
performance degradation in high-speed electronic systems.

To mitigate the effects of high insertion loss dielectric materials, designers often opt for low-loss
dielectric materials with optimized electrical properties. These materials typically have lower dielectric
constants and loss tangents, minimizing signal attenuation and preserving signal integrity.
Additionally, designers may employ techniques such as controlled impedance routing, impedance
matching, and signal conditioning to compensate for signal loss and maintain signal strength
throughout the system.

Overall, the problem of high insertion loss dielectric materials underscores the importance of careful
material selection and design considerations. By choosing low-loss dielectric materials and
implementing appropriate design techniques, designers can effectively manage signal attenuation
and ensure optimal performance in demanding applications.

Optimizing Rigid-Flex for High Speed

In rigid-flex circuitry, the transition from rigid areas to flex sections introduces additional challenges
due to the differences in materials and mechanical properties. When a signal traverses from a rigid
area to a flex section and back into a rigid area, it encounters changes in dielectric constant,
thickness, and mechanical flexibility, which can significantly impact impedance calculations and
management.

Impedance calculations for signals transitioning between rigid and flex areas must account for the
varying electrical properties of the materials involved. Rigid areas typically use materials like FR-4
with specific dielectric constants, while flex sections utilize flexible substrates such as polyimide with
different dielectric constants. These differences in dielectric constants affect the characteristic
impedance of the transmission line, leading to impedance mismatches and signal reflections if not
properly managed.
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Moreover, the transition between rigid and flex areas introduces changes in the cross-sectional
geometry of the transmission line, affecting its impedance. In rigid areas, traces may have a uniform
width and thickness, while in flex sections, traces may vary in width and thickness due to bending and
folding. These variations in trace geometry can alter the effective impedance of the transmission line
and result in impedance deviations along the signal path.

To address these challenges, designers employ various techniques for impedance management in
rigid-flex circuits:

¢ Design optimization: Careful design of transition zones between rigid and flex areas, such as tapered
traces or gradual transitions, helps minimize impedance variations and signal reflections.

¢ Controlled impedance routing: Implementing controlled impedance routing techniques ensures that
signal traces maintain consistent impedance values across different sections of the circuit, including
rigid-flex transitions.

e Material selection: Choosing flexible substrate materials with dielectric properties closely matched to
those of rigid substrates helps maintain consistent impedance along the signal path.

¢ Simulation and modeling: Utilizing advanced simulation tools enables designers to predict and analyze
impedance variations along the signal path, allowing for optimization of the design before fabrication.

e Testing and validation: Performing impedance measurements and signal integrity testing on prototype
rigid-flex circuits helps validate the design and ensure compliance with impedance requirements.

By considering the unique challenges posed by transitions between rigid and flex areas, designers
can effectively manage impedance variations in rigid-flex circuits and maintain signal integrity across
the entire circuit. Through careful design, material selection, simulation, and testing, impedance
calculations and management can be optimized to meet the performance requirements of high-speed
electronic systems.

Board Mount Connector Impacts on Impedance

One of the primary concerns with I/O and board mount connectors in high-speed flex circuits is the
potential for signal distortion and reflections caused by impedance mismatches at the exact point
where PCB connector tails terminate to the board. In short, any deviation from the desired
characteristic impedance at this signal juncture can lead to significant degradation, resulting in data
errors, jitter, and timing issues.

Maintaining an uninterrupted signal return path is essential for minimizing signal distortions and
ensuring proper functioning of high-speed circuits. In flex circuits, the return path may be
discontinuous due to the flexible nature of the substrate and the presence of ground planes on
different layers. Breaks or gaps in the return path can introduce impedance variations and lead to
signal reflections, crosstalk, and electromagnetic interference.
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To address these issues, designers must carefully consider the design and placement of I/O and
board mount connectors in high-speed flex circuits. Strategies for maintaining an uninterrupted signal
return path and offering matched impedance include:

¢ Grounding strategies: Implementing robust grounding schemes, such as stitching vias, ground planes,
and shielding, helps ensure a continuous and low-impedance return path for high-speed signals.
Ground connections at connector interfaces should be optimized to minimize ground loops and
impedance variations.

¢ Controlled impedance connectors: Selecting connectors with controlled impedance characteristics
helps maintain matched impedance throughout the signal path, reducing signal reflections and ensuring
signal integrity. High-speed connectors specifically designed for flex circuits offer impedance-matched
signal paths and low insertion loss.

¢ Signal routing considerations: Careful routing of signal traces and differential pairs between the flex
circuit and connectors is crucial for minimizing impedance disruptions and maintaining signal integrity.
Routing guidelines, such as maintaining consistent trace widths and spacing, avoiding sharp bends,
and optimizing signal paths, help reduce impedance variations and signal reflections.

¢ Connector placement and orientation: Proper placement and orientation of connectors relative to the
signal traces and ground planes on the flex circuit minimize signal path length and impedance
mismatches. Aligning connectors perpendicular to the signal traces and ensuring short, direct signal
paths help optimize signal transmission and impedance matching.

¢ Signal integrity testing: Conducting thorough signal integrity testing, including impedance
measurements, time-domain reflectometry (TDR), and eye diagram analysis, helps validate the
performance of high-speed flex circuits and identify potential impedance mismatches or signal integrity
issues.

This paper has discussed practical methodologies for the design and fabrication of flex and rigid-flex
circuit board assemblies to handle signals speeds at 10 Gbps (Gigabits per second) and beyond. We
explored key elements in maximizing flex and rigid-flex circuit boards for high-speed 10 Gbps signals,
including characteristic impedance matching, crosstalk mitigation, minimizing reflections, managing
trace widths, layer-to-layer spacing, the role of shielding, dielectric material selection, and special
issues associated with rigid-flex and PCB connectors. For more information on any of these topics
please consult the SuperFlex team at Glenair.
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