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Executive Summary

The Common Data Link (CDL) is a secure U.S. military communications protocol designed to support
high-bandwidth intelligence, surveillance, and reconnaissance (ISR) missions. Since its introduction by
the Department of Defense in the early 1990’s, CDL has evolved from a Ku-band full-duplex data link into
a multi-band, high-efficiency architecture supporting modern software-defined radio (SDR) systems. This
white paper reviews CDL evolution, frequency bands, operational applications, and emerging design
trends, with details on Mtron’s RF solutions in X-band and Ku band for next-generation CDL-capable
platforms.

Introduction

The Common Data Link (CDL) provides jam-resistant, full-duplex digital communications between space,
airborne platforms, ground and naval assets. It enables real-time transmission of ISR data including full-
motion video, imagery, and sensor data. CDL has become the primary standard for high-bandwidth
tactical communications across multiple domains, supporting real-time mission-critical decision-making
and operational coordination of the war fighter.

Although considered a mature technology, CDL continues to evolve to meet increasing data throughput
requirements and spectrum efficiency demands. Early CDL implementations focused on Ku-band
communications with data rates up to 274 Mbps. Over time, additional variants and enhancements were
introduced to improve flexibility and spectral efficiency.

Evolution of CDL Technology
Early CDL Systems (1990s—early 2000s)
With primary focus on reliable transmission of ISR sensor data in secure tactical environments, early
Common Data Link systems established the foundation for secure ISR communications.
Key Characteristics:
e  Ku-band, full-duplex architecture
e Secure, jam-resistant digital data transmission
e Moderate data rates by modern standards
e Line-of-sight communication between airborne platforms and ground/ship stations

Tactical Common Data Link (TCDL) (early 2000s)
TCDL was developed to meet the growing demand for tactical UAV and battlefield ISR communications.
Key Characteristics:

e High data rate (multi-Mbps) for real-time video and sensor data

e Line-of-sight (LOS) air-to-ground and air-to-air links

e Secure, encrypted, and anti-jam waveforms
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e Low latency for time-critical ISR operations
e Interoperability across UAVs, aircraft, ships, and ground stations
e Applications:

o UAV real-time video downlink

o ISR targeting and reconnaissance support

o Battlefield situational awareness

o Weapon cueing and tactical command and control (C2)
e Typical Platforms:

o Unmanned Aerial Systems (UAS)

o Tactical ISR aircraft

o Mobile ground terminals

o Naval tactical systems

Bandwidth Efficient CDL (BE-CDL) (introduced ~2017)
BE-CDL was introduced to significantly improve spectrum efficiency and data throughput.
Key Enhancements:
e Higher spectral efficiency (more data per unit bandwidth)
e Support for HD and full-motion ISR video streams
e Reduced bandwidth requirements compared to legacy CDL
e Improved compatibility across Ku-, X-, and emerging Ka-band systems
e Backward interoperability with existing CDL infrastructure (in many implementations)
e  Operational Benefits:
o Reduced RF spectrum congestion
o Improved ISR data quality and timeliness
o Better performance in contested spectrum environments
o Support for SWaP (Size, Weight and Power) constrained platforms (e.g., small UAVs)

Modern Multi-Band CDL Architectures (Current Generation)
Modern CDL systems are evolving into software-defined, multi-band communication architectures.
Key Characteristics:
e  Multi-band operation (X, Ku, and Ka bands) within a single terminal
e Software-Defined Radio (SDR) based flexibility
e Dynamic band selection and switching based on mission needs
e SWaP optimized designs for airborne, naval, and ground platforms
e Enhanced resilience against jamming and interference
e Operational Advantages:
o Maintains connectivity in contested or degraded RF environments
o Optimizes bandwidth usage based on range and atmospheric conditions
o Enables higher aggregate data throughput for ISR missions
o Improves interoperability across joint and coalition systems
e Platforms:
o Tactical and ISR aircraft
o Medium and large UAVs
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o Naval communications systems
o Mobile and fixed ground terminals

The evolution of CDL reflects a clear progression from fixed, Ku-band line-of-sight systems to adaptive,
software-defined, multi-band architectures. Each generation has increased:

Data throughput

Spectral efficiency

Operational flexibility

Resistance to electronic warfare and RF congestion

Modern CDL systems are now optimized for contested environments and high-volume ISR data
exchange, enabling real-time decision-making across distributed forces.

CDL Frequency Bands
To provide operational flexibility and spectrum efficiency, CDL supports multiple frequency bands:
X-band - resilient backup and weather-robust links

Ku-band - primary high-throughput ISR data channel
Ka-band - emerging ultra-high data rate applications

X-Band
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Frequency range: 9.75-10.425 GHz

Secondary allocation for CDL operations

Offers improved atmospheric penetration

Often used for backup or alternate communications

Ku-Band

Primary CDL operating band

Frequency range: 14.4 — 15.35 GHz

Uplink: 15.15 — 15.35 GHz

Downlink: 14.4 — 14.83 GHz

Supports high-throughput ISR data transmission

Ka-Band

Frequency range: 26.5 —40.0 GHz

Enables significantly higher data rates

Provides larger available bandwidth

Greater susceptibility to atmospheric attenuation

Represents future expansion capability for CDL systems

Mtron’s Solutions for Common datalinks
As CDL platforms evolve toward multi-band, software-defined radio (SDR) architectures, the RF signal
chain is becoming increasingly complex, requiring components and solutions that maintain stringent

electrical performance across extended frequency ranges while meeting aggressive SWaP constraints.
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This evolution drives demand for tightly controlled RF filtering, low-loss signal propagation, and high
linearity under dynamic multi-band operating conditions.

The Mtron team focuses on optimizing RF solutions for next-generation CDL systems around the
following key technical performance parameters:

e High Selectivity (Multi-Band Isolation)
o Sharp filter skirts with high Q-factor resonators and cross coupling techniques to achieve
strong adjacent channel rejection
o Precise band discrimination across X-, Ku-, and Ka-band allocations
o Minimization of intermodulation products in dense spectral environments
Supports concurrent multi-band operation without cross-band desensitization
e High Rejection Performance
o Enhanced out-of-band attenuation through multi-pole filter topologies
o Suppression of harmonics, spurs, and adjacent channel interference
o Increased resilience against wideband jamming and high-power interferers
o Critical for maintaining receiver linearity and preventing front-end compression
e low Insertion Loss
o Minimization of conductor, dielectric, and transition losses across the RF path
o Critical for preserving system noise figure and end-to-end link budget margin
o Direct impact on achievable EIRP and receiver sensitivity in high-data-rate ISR links
o Requires optimized resonator coupling and impedance-matched transitions
e Compact Footprint (SWaP Optimization)
o Miniaturized resonator structures and high-density RF packaging
o Reduced parasitic coupling through optimized mechanical and electromagnetic design
o Enables integration into constrained platforms such as UAV payload bays and airborne
terminals
o Supports modular SDR front-end architectures with minimal system-level footprint
e Environmental Ruggedness
o Designed for MIL-STD environmental compliance (shock, vibration, humidity, altitude)
o Stable RF performance under mechanical stress and long-duration field deployment
o Material selection optimized for structural integrity and dielectric stability
o Ensures phase and amplitude stability in harsh operational environments
e Thermal Stability
o Low temperature coefficient of frequency (TCF) resonator design
o Controlled thermal expansion to maintain filter center frequency alignment
o Stable S-parameters across wide operating temperature ranges
o Critical for airborne, naval, and near-space thermal cycling conditions
e High Power Handling Capability
High-Q resonator structures with elevated power dissipation thresholds
o Prevention of nonlinear effects such as compression, intermodulation distortion (IMD),
and self-heating drift
o Robust thermal dissipation paths to manage continuous-wave and pulsed RF loads
o Essential for transmit chain integrity in long-range CDL and ISR uplink applications
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Mtron’s representative RF Solutions
UFDX9999-002

Passband 1: 6.67 —7.07 GHz

Passband 2:7.32 —7.92 GHz

PB Insertion Loss: 4.0dB max.

PB Return Loss: 15dB min.

Rejection:

5,000 — 5,800 MHz: 50dB min.

9,000 - 12,000 MHz: 50dB min.

Power Handling: 30W CW max.

Dimensions: 3.8 x 2.5 x 1.0 inches (9.7 x 6.4 x 2.5 cm)

Performance Plot
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UF10081

Passband: 15,150-15,350 MHz

PB Insertion Loss: 4.0dB max.

PB Return Loss: 15dB min.

Rejection (14,400-14,830 MHz): 80dB min.

Power Handling: 1W CW max.

Dimensions: 2.2 x 1.4 x 0.7 inches (5.6 x 3.6 x 1.8 cm)

Performance Plot
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UFDX9999-005

Passbandl: 14.4 — 14.83 GHz

Passband 2:15.15 — 15.35 GHz

PB Insertion Loss: 1.0dB max.

PB Return Loss: 15dB min.

Rejection (Band to Band Isolation): 110dB min
Power Handling: 50W CW max.

Dimensions: 3.0 x 2.2 x 0.6 inches (7.6 x 5.6 x 1.5 cm)

Performance Plot
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Ku Band RF Solution

An integrated Ku-band microwave assembly incorporates low insertion loss, high power handling, high
isolation between bands, Ku-band diplexer filters that are interconnected with two wave guide RF
switches, a coupler and a low pass filter for harmonic suppression. RF cables are fed from the diplexers
to a separate RF module consisting of a RF board with low noise amplifiers and a RF switch that switches
the receive signal between the two paths. The module contains peripheral control and status circuitry for
user access.

Uplink: 15.15 — 15.35 GHz

Downlink: 14.4 — 14.83 GHz

Low Insertion Loss: <2.0dB

High Power Handling: 100W CW

Isolation Between the bands: -125dB

Harmonic Suppression: 2" -70dB, 3™ -25dB

IMA Noise Figure: <3.8dB

Small Size: 8.3 x 6.7 x 3.3 inches max (21 x 17 x 8.4 cm)
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Performance Plots
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Naise Figure (dB) over temperature
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Ku band Datalink Solution

Ku band CDL diplexer integrated with a 25W SSPA and LNA solution
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O‘utpLﬁ Power from 14.4 to 14.83 GHz at room temperature. 44dBm is 25W, steepest slope is
0.03dB/MHz. Similar performance was tested in 15 GHz band at Mtron’s end customer.
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Conclusion

Mtron RF solutions are well positioned to support next-generation CDL architectures by delivering high-
performance filtering and signal conditioning solutions optimized for defense-grade applications. These
solutions provide excellent selectivity and strong out-of-band rejection, enabling effective spectral
isolation in dense multi-band environments and improving overall system interference immunity. In
addition, Mtron RF solutions are designed for low loss, helping preserve link budget margins and
supporting high-data-rate ISR communications.

Mtron’s compact, ruggedized designs make them well suited for SWaP constrained platforms such as
Space, UAVs, tactical aircraft, naval systems, and mobile ground terminals, where size, weight, and
integration flexibility are critical. Mtron products also offer strong thermal stability and high RF power
handling capability, ensuring consistent performance under wide temperature variations, mechanical
stress, and elevated transmit power conditions typical of operational defense environments.

Overall, Mtron RF solutions provide a robust fit for modern CDL systems requiring high-reliability, high-
selectivity, and mission-ready RF front-end performance across multi-band SDR networks. Convergence
of evolving CDL requirements and Mtron’s RF capabilities position Mtron as a key contributor to enabling
resilient, high-throughput, and spectrum-efficient defense communication networks.
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