GNSSDO Use Case:

Military Radar Systems

Precision Timing for Mission-Critical Operations

Modern radar systems are essential for a variety of military applications, including missile guidance and warning, surveillance,
targeting, electronic warfare and navigation systems. Modern radar types include phased array, Active Electronically Scanned
Array (AESA), multifunction, over-the-horizon and passive radar systems. These systems demand ultra-low noise and phase-
coherent frequency references to achieve high performance in range resolution, target detection, Doppler processing,
beamforming and clutter rejection.

GNSS Disciplined Oscillators (GNSSDOs) play a pivotal role in radar systems by providing the precise timing and frequency
stability required for these advanced systems to operate effectively. The high-quality timing reference from a GNSSDO enables
the following operations in modern radar systems:

GNSSDO Role Benefits for Radar Systems

Synchronization across distributed radar nodes Enables coherent multi-static radar or phased array operation over large areas
Reference clock for coherent processing Maintains phase alignment for beam steering and target tracking
Low-phase-noise source Improves doppler resolution, range accuracy and clutter rejection
Holdover timing in GNSS-denied environments Maintains radar functionality during GNSS jamming or outages

Application Considerations

Military radar systems often operate in challenging conditions, requiring high-performance GNSSDOs with specific
characteristics. An ultra-low phase noise reference is essential for beamforming accuracy and sidelobe suppression in phased
array radar systems, as even minor signal noise can degrade quality. Fast lock times are critical for AESA radar systems, allowing
rapid power-on and target acquisition, especially in mobile platforms like fighter jets or missile defense systems. Environmental
compensation ensures stable performance across wide temperature swings and high vibration, common in naval vessels or
ground-based mobile radar systems. Holdover stability is critical for maintaining coherence and performance during GNSS
outages, particularly in distributed radar networks operating over large areas.

Our GNSSDOs are designed to address these challenges by leveraging advanced local oscillators—like the CSAC, MAC and
OCXOs—combined with proprietary algorithms to compensate for aging and environmental effects. Our team can take our
standard products and develop custom solutions, including customizable RF outputs and ruggedized form factors, that can be
integrated into radar systems that are deployed in harsh environments.
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Real-World Scenario

In a coastal defense scenario, a network of passive radar systems utilizes high-performance GNSSDOs to synchronize receivers
to detect and track incoming aircraft or missiles by reflecting signals from existing transmitters, ensuring effective stealth
operations.

GNSSDOs for Radar Systems

Our portfolio includes GNSSDOs tailored for military radar applications, delivering the performance and reliability needed for
mission-critical operations. The following table highlights key products and their specifications:

The MD-013 ULTRA CLEAN is a mezzanine-mount GNSSDO module
that has exceptional close-in phase noise performance and short-

term stability.
Offset Phase Noise Tau ADEV
MD-013 ULTRA CLEAN UL ~119 dBc/Hz £ 3E-13
Phase Noise 10 Hz -140 dBc/Hz 10s 6E-12
Performance 100 Hz -155 dBc/Hz 100s 9E-13
1 kHz -160 dBc/Hz
10 kHz -164 dBc/Hz
MD-177 (PPS Reference Only) The MD-177/MD-178 is a PC board-mount PPS/GNSS disciplined
MD-178 (GNSS) module that has a very low nocﬁfigfor at-170 dBc/Hz at a 10 kHz

MD-014 MAC (PPS Reference Only) The .MI.D-014/MD-01 5 MAC versign i; a mezzanine-mount, PPS/GNSS
disciplined module that can maintain less than 310 nanoseconds of
MD-015 MAC (GNSS) time error over 24 hours.

MD-014 CSAC (PPS Reference Only) The MD-014/MD.-O1.5 ;SAC versionis a mezzan.ine-.mount, low-
power PPS/GNSS disciplined module that can maintain less than 1.5
MD-015 CSAC (GNSS) microseconds of time error over 24 hours.

GNSS Holdover

. The MD-175/MD-176 is a PC board-mount GNSS/PPS disciplined
MD-175 (GNSS) o ; )

module that can maintain less than 1.5 microseconds of time error
MD-176 (PPS Reference Only) over 24 hours.

The MD-300 is a small-form-factor, mezzanine-mount GNSS
disciplined module that uses a MEMS OCXO as the local oscillator.
The MD-300 has excellent temperature stability and g-sensitivity,

making it an excellent option for use in dynamic environments.

Stability in
Dynamic MD-300 MEMS OCXO
Environments

Our GNSSDOs empower military radar systems with the precision and resilience needed to operate in the most demanding
conditions. Our expertise in atomic clocks, crystal oscillators, and Position, Navigation and Timing (PNT) algorithms ensures
that our solutions meet the unique requirements of radar applications, from missile defense to surveillance. Whether you need
standard modules or custom designs with specific RF outputs or environmental hardening, we can partner with you to deliver
high-performance timing solutions that enhance radar system reliability and effectiveness.
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