Quadrax vs. Twinax vs. Ethernet: Choosing High-Speed Data Cables for Mil/Aero Platforms

Executive Summary

In modern military and aerospace (Mil/Aero) platforms, the demand for high-speed, reliable data transfer
is paramount to ensuring operational success. As avionics systems become more complex and
interdependent, selecting the right interconnect technology for data transmission becomes increasingly
critical. This whitepaper provides a detailed comparison of three key cable technologies--Quadrax,
Twinax, and Ethernet--based on performance, connector compatibility, and use cases specific to
modern avionics networks. It offers guidance on choosing the optimal cable solution for mission-critical
Mil-Aero applications.

Introduction

As military and aerospace systems evolve, there is an increasing need for high-speed, secure, and
resilient communication networks capable of handling the ever-growing volume of data generated by
sophisticated avionics and mission systems. The choice of interconnects plays a pivotal role in assuring
that these networks are both reliable and performant. Among the most commonly used cable
technologies for high-speed data transfer in Mil/Aero applications are Quadrax, Twinax, and Ethernet
cables.

This whitepaper explores the fundamental differences between these technologies, examining the
tradeoffs in their performance, the compatibility of connectors, and their real-world use cases in
avionics. The goal is to offer a framework for system designers to choose the most appropriate solution
based on the operational needs of their specific platform, whether for short-range communication, long-
distance data transfer, or network scalability.

Overview of Cable Technologies
Quadrax Cable:

Quadrax cables are designed to transmit high-speed differential signals across multiple pairs of
conductors. Typically consisting of four conductors (two pairs), Quadrax cables provide superior signal
integrity and immunity to electromagnetic interference (EMI). These cables are especially effective in
environments where high-frequency signals must be transmitted over long distances without significant
signal degradation.
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e Crucial Benefits:
o Exceptional EMI immunity.
o ldealfor high-speed, long-distance transmission.

o Commonly used in military and aerospace applications, where durability and reliability are
essential.

Twinax Cable:

Twinax cables feature a pair of twisted conductors that are often shielded for superior noise immunity.
These cables are primarily used for shorter-range, high-speed data transmission, and are highly effective
in environments where space constraints and EMI resistance are critical.

o Typical Benefits:
o Excellent for short-range, high-speed applications.
o Low latency and minimal signal attenuation.

o Used extensively in backplane connections and high-density connector applications in

avionics.

Ethernet Cable:

Ethernet cables, both copper and fiber-optic, are ubiquitous in modern networking. Ethernet offers
scalability, flexibility, and high data transfer rates. In the context of Mil/Aero platforms, Ethernet is used
for both inter-system communication and large-scale network infrastructure, offering compatibility with
existing commercial systems.

¢ Important Benefits:
o Supports high data rates, from 10 Mbps to 100 Gbps (with fiber).
o Scalable for large network infrastructures.

o Increasingly used in military avionics for systems integration and communication.
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Performance Trade-offs

Speed and Bandwidth:

Quadrax: Capable of handling speeds ranging from 10 Mbps to 1 Gbps, making it suitable for a
wide range of avionics applications, particularly those requiring robust signal transmission over
longer distances.

Twinax: Essential in supporting speeds up to 10 Gbps over shorter distances, ideal for backplane
connections and local interconnects within avionics systems.

Ethernet: Ethernet can achieve very high data rates, with copper Ethernet supporting up to 10
Gbps over short distances, and fiber-optic Ethernet offering even higher speeds (up to 100 Gbps
and beyond), making it the best choice for scalable, long-range networking.

Signal Integrity and EMI Resistance:

Quadrax: Offers superior immunity to EMI, making it highly effective in environments with high
electrical noise, such as military and aerospace systems.

Twinax: Provides low EMI susceptibility and minimal signal degradation, making it ideal for short-
range, high-speed links where sighal quality is crucial.

Ethernet: Copper Ethernetis more prone to EMI over long distances, though fiber-optic Ethernet
completely eliminates these issues, offering secure and interference-free transmission.

Distance and Latency:

Quadrax: Performs well over medium to long distances (up to 300 meters) with minimal signal
loss, making it suitable for interconnecting distant avionics components.

Twinax: Best suited for shorter distances (less than 100 meters), as signal quality deteriorates
beyond this range. Ideal for localized interconnects within avionics equipment.

Ethernet: Copper Ethernet is limited to around 100 meters for reliable high-speed
communication. However, fiber-optic Ethernet can support long-range (multi-kilometer) data
transmission with extremely low latency.
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Connector Compatibility
Quadrax Connectors:

Quadrax cables are usually paired with MIL-DTL-38999 connectors, which provide secure, rugged
connections capable of withstanding harsh military environments. These connectors are designed for
high-speed differential signal transmission and are widely used in military avionics applications.

Examples of Quadrax Connectors

1. MIL-C-38999 Series Connectors — These are military-standard connectors often used for harsh
environments such as aircraft and defense applications. They have a quadrax contact that allows
for differential signal transmission, allowing minimal signal degradation.

2. D-Sub Connectors (Quatrax Versions) — Some manufacturers offer quadrax contacts for D-Sub
connectors, often used in communications and industrial applications. These connectors provide
high-speed signal transmission in a compact form factor.

3. M83513 Connectors — These connectors as based on the MIL-PRF-38999 standard and are used in
military and aerospace applications. They feature quadrax contacts for differential signal
transmission and are designed for high reliability in extreme conditions.

4. RJ45 (Quadraxized Versions) — Some high-performance Ethernet connectors like RJ45, are
modified to support quadrax cables for high-speed data transmission in industrial or military
networking applications.

5. Circular Connectors with Quadrax Contacts — Various manufacturers offer circular connectors
that incorporate quadrax contacts, such as connectors used in avionics, telecommunications,
and other high-speed data applications. These connectors are often robust and able to withstand
vibrations and other mechanical stresses.

Twinax Connectors:

Twinax cables are often connected using high-density, mil-spec connectors commonly found in avionics
backplanes and high-speed communication systems. These connectors are optimized for low-latency,
high-density configurations, making them ideal for data-rich environments.

Twinax Connectors Examples

1. MIL-C-38999 Series Connectors (Twinax Version) — These are military-grade connectors that
feature twinax connectors for differential signal transmission. They are used in aerospace,
defense, and other rugged applications where reliability and performance are critical.
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2. D-Sub Connectors (Twinax Version) — Some manufacturers offer twinax versions of standard D-
Sub connectors. These are often used in networking, industrial control systems, and other
applications that require high-speed differential data transmission in a compact form factor.

3. RJ45 Connectors (Twinax Versions) — Similar to Quadrax, some high-performance RJ45 connectors
are designed to support twinax cables. These are often used in high-speed Ethernet applications,
such as in data centers for short-range transmissions with reduced EMI.

4. SFP (Small Form-Factor Pluggable Plus) Connectors with Twinax Cables — These are commonly
used in data centers and high-speed networks for short-range fiber optic and copper-based
connections. Twinax cables with SFP+ connectors are often used for high-speed links.

5. Circular Connectors (Twinax Version) — Circular connectors like the MIL-DTL-5015 and other
similar designs are available in twinax versions. These are used in applications that require
ruggedness and high reliability, including industrial, automotive, and military sectors.

6. BNC Connectors (Twinax Versions) — Twinax versions of BNC connectors are used in applications
requiring high-speed differential signal transmission, generally for high-frequency or digital
communication.

Ethernet Connectors:

Ethernet cables use industry-standard connectors such as RJ45 for copper cables, and SC, LC, or
MTP/MPO for fiber-optic versions. Ethernet's widespread use in both commercial and military networks
establishes easy integration into existing infrastructures, though careful consideration must be given to
cable type (copper vs. fiber) and environmental factors.

Examples of Ethernet Connectors

1. RJ45 Connector - The most widely used Ethernet connector, it is a standard for wired networking.
It connects devices like computers, switches, and routers using CAT5, CAT5e, CAT6, or higher
cables.

2. RJ11 Connector - Though usually used for phone lines, it can be used in some low-speed Ethernet
applications, butitis not as common as RJ45.

3. M12 Connector-This is a more rugged Ethernet connector often used in industrial applications.
It’s designed for harsh environments, featuring a locking mechanism and higher durability.

4. GG45 Connector — A newer type of connector that provides backward compatibility with RJ45 but
offers better performance for higher-speed Ethernet standards.

5. Modular Plug (8P8C) — Similar to RJ45, this modular connector is used in Ethernet cables for
networking, supporting a variety of speed standards depending on the cable type.
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Use Cases in Modern Avionics Networks
Quadrax Applications:

e Mission-Critical Systems: Quadrax is used for high-speed communication in avionics systems
such as radar, flight control, and secure military communication networks. Its robustness against
EMI and long-distance transmission capabilities make it a top choice for these applications.

Twinax Applications:

¢ Backplane Interconnects: Twinax is ideal for short-range, high-speed interconnects in avionics
backplanes, where high-density, low-latency data transmission is essential. It is also used in high-
speed point-to-point connections within military communication systems.

Ethernet Applications:

 Networked Avionics Systems: Ethernet's scalability makes it perfect for integrating avionics
subsystems into larger, networked platforms. Fiber-optic Ethernet is especially valuable for large-
scale systems requiring high bandwidth and long-distance connections, such as surveillance
systems, real-time data feeds, and onboard communications.

Conclusion

Selecting the appropriate data cable technology for Mil/Aero platforms depends on a combination of
factors, including required data rates, distance, signal integrity, environmental conditions, and system
compatibility. Quadrax cables are best suited for long-range, high-speed, mission-critical applications
that demand superior EMI immunity. Twinax cables excel in short-range, high-density configurations
where low latency and minimal signal degradation are essential. Ethernet, with its scalability and
flexibility, is increasingly being adopted for networked avionics systems that require high bandwidth and
seamless integration into existing infrastructure.

Ultimately, the choice of cable technology should be guided by a clear understanding of the specific
requirements of the platform, the environment in which it operates, and the overall system architecture.
This whitepaper serves as a comprehensive guide to making an informed decision on the best cable
technology for modern avionics and military applications.
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