High-Frequency RF Cable Construction Techniques

Introduction

In modern communication systems, high-frequency radio frequency (RF) sighals are essential for
applications ranging from radar and satellite communications to wireless data networks. The
performance of these systems relies not only on active electronics but also on the passive interconnects,
most importantly, the RF cables. Designing and selecting high-frequency RF cables is a nuanced process
that requires careful consideration of the cable's internal construction, including the center conductor,
dielectric, and shielding. Each element influences key performance parameters such as signhal
attenuation, impedance stability, flexibility, and environmental resilience.

This whitepaper explores the key construction techniques used in high-frequency RF cables, focusing on
the choice between solid and stranded center conductors, dielectric material selection, and shield
layering. By understanding these factors, engineers can optimize cable performance for demanding high-
frequency applications.

Center Conductor: Solid vs Stranded

The center conductor is the primary pathway for the RF signal. Its construction plays a crucialrole in
determining the cable’s electrical and mechanical properties.

Solid Conductors
e Structure: A single, continuous metallic wire (usually copper or copper-clad steel).

e Electrical Performance: Offers slightly lower attenuation at high frequencies due to minimal skin
effect losses.

e Mechanical Properties: Rigid and less flexible, prone to breakage under repeated bending.
e Applications: Ideal for fixed installations or environments where flexibility is not critical.
Stranded Conductors

e Structure: Multiple fine wires twisted together to form the conductor.
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e Electrical Performance: Slightly higher attenuation due to small inter-strand gaps but generally
negligible at moderate lengths.

e Mechanical Properties: Excellent flexibility and resistance to fatigue, making them suitable for
dynamic or high-vibration environments.

o Applications: Mobile, aerospace, and robotic systems where repeated bending occurs.

Summary Table: Solid vs Stranded Center Conductors

Feature Solid Conductor ||Stranded Conductor

Flexibility Low High

High-Frequency Loss|/Slightly lower Slightly higher

Durability Brittle under flex |[High under repeated flex

Typical Use Cases Fixed installations||Dynamic/mobile systems

Dielectric Selection

The dielectric separates the center conductor from the shield, maintaining the cable’s characteristic

impedance and affecting signal propagation.

e Foam Dielectrics (PE, PTFE): Low permittivity, reducing capacitance and signal loss. Ideal for
high-frequency and long-distance applications.

e Solid Dielectrics (Solid PTFE, PE): Provide mechanical stability and consistent impedance but
higher dielectric loss.

e Air-Spaced Dielectrics: Achieve ultra-low loss by incorporating air gaps, often used in precision
microwave or RF test cables.

o Temperature and Environmental Considerations: PTFE-based dielectrics are more heat-
resistant and chemically inert, while polyethylene may degrade in harsh environments.

www.sea-wire.com | SEA Wire and Cable, Inc. | info@sea-wire.com


http://www.sea-wire.com/
mailto:info@sea-wire.com

Dielectric selection directly influences velocity of propagation, insertion loss, and impedance stability.
Choosing the correct dielectric is a balance between electrical performance, mechanical robustness,
and environmental resilience.

Shielding Techniques

Effective shielding minimizes electromagnetic interference (EMI) and prevents signal leakage, criticalin
high-frequency RF applications.

Shield Layers

o Single Foil Shield: Thin metallic foil provides excellent high-frequency shielding but limited
mechanical durability.

e Braid Shield: Interwoven strands of copper or tinned copper offer flexibility and durability with
moderate shielding effectiveness.

e Combination (Foil + Braid): Optimizes high-frequency performance and mechanical protection;
widely used in high-end RF cables.

o Spiral Shielding: Used for flexible cables requiring some shielding while maintaining bendability.

Shielding selection depends on frequency, required attenuation, mechanical flexibility, and
environmental factors such as exposure to moisture or vibration.

Conclusion

High-frequency RF cable performance is determined not only by the conductor’s material but by the
careful engineering of its internal structure. Solid versus stranded center conductors offer trade-offs
between electrical performance and mechanical flexibility. Dielectric materials influence signal
propagation, loss, and impedance stability, while shield layering guarantees signal integrity by mitigating
EMI. Selecting the optimal combination of these factors requires a holistic understanding of both
electrical and mechanical requirements, as well as the operating environment.

By applying these construction techniques thoughtfully, engineers can assure that high-frequency RF
cables meet the stringent demands of modern communication systems, providing reliable, high-
performance connectivity across a wide range of applications.
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