Enhancing Satellite Ground Station and Radar Performance
With Frequency-Stable, Ultra-Low-Phase-Noise References

10 MHz, Frequency-Stable, Ultra-Low-Phase-Noise Reference: The Key to Superior Performance

in Satellite Ground Stations and Radar Systems

Summary

A 10 MHz, ultra-low-phase-noise reference is a
foundational building block for high-performance
satellite ground stations and radar systems. When
coupled with a frequency reference that delivers
exceptional frequency stability and timing accuracy,
ultra-clean frequency synthesis and coherent operation
is enabled across system elements and sites. In satellite
ground stations, this translates into superior up/
down-conversion performance, reduced phase jitter,
lower bit-error rates and reliable demodulation of weak
signals and advanced modulation schemes. For radar
applications, ultra-low phase noise improves Doppler
resolution, phase stability and clutter rejection, which
enhances detection of slow-moving or low-signature
targets. By minimizing noise and timing uncertainty,

a 10 MHz, clean, ultra-low-phase-noise reference
maximizes link reliability, measurement precision and
overall system performance.

The Hidden Foundation of RF System
Performance

The performance of an RF system is fundamentally
constrained by the quality of its frequency and timing
reference. Every synthesizer, converter and processing stage
derives its stability from this source. While often treated as an
infrastructure detail, the reference signal determines spectral
purity, timing alignment and long-term coherence. Its impact
is system-wide and unavoidable.

Why Phase Noise Matters More Than Frequency
Accuracy

Frequency accuracy defines where a signal is, but phase noise
defines how cleanly it exists over time. Excess phase noise
spreads energy around the carrier, which raises the effective
noise floor and degrades the Signal-to-Noise Ratio (SNR).

In communications and radar systems, this directly limits
demodulation performance, Doppler resolution and coherent
processing gain. For many applications, phase noise is the
dominant performance constraint.
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Ultra-low-phase-noise 10 MHz references improve satellite earth-station carrier
purity—boosting SNR and reducing BER/loss-of-lock for weak-signal links and
advanced modulation.

10 MHz: The Common Clock Behind Every
Critical Subsystem

The 10 MHz reference serves as the common clock for
frequency synthesis, data conversion and timing distribution.
Noise or instability at this frequency propagates through the
entire signal chain, increasing with frequency multiplication.
Because it is shared across subsystems, its quality affects not
just individual components but overall system coherence.
Improving the 10 MHz reference yields disproportionate
benefits.

Cleaner Frequency Synthesis Starts at the
Reference

Frequency synthesizers preserve and scale the noise
characteristics of their reference source. As output
frequencies increase, phase noise rises proportionally,
making close-in reference noise especially critical. No amount
of downstream filtering can recover performance lost at the
reference. Clean synthesis therefore begins with a 10 MHz,
low phase noise source.
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Satellite Ground Stations: Unlocking Weak-
Signal Performance

Satellite ground stations often operate near sensitivity limits
while handling increasingly complex waveforms. Phase noise
from the reference degrades carrier lock, tracking stability
and demodulation margin. These effects become more
pronounced under low SNR and interference conditions.
Reference quality directly impacts usable link margin.

Improving Carrier Purity and Bit Error Rates

Phase noise contributes to carrier spreading and phase
jitter, which increases constellation error. This degrades
error vector magnitude and raises bit error rates, particularly
in higher-order modulation schemes. Cleaner references
reduce these impairments to improve link efficiency without
increasing transmit power. The benefit increases with
modulation complexity.

Enabling Advanced Modulation and Coherent
Networks

Modern satellite systems increasingly rely on advanced
modulation, beamforming and coherent operation across
equipment and sites. These techniques require tight phase
alignment and stable timing over long durations. Reference-
induced phase drift limits achievable coherence. High-quality
timing sources are essential enablers of these architectures.

Ultra-low-phase-noise 10 MHz references sharpen radar Doppler resolution
and improve clutter rejection—revealing slow-moving, low-signature targets.

Radar Systems: Phase Noise as a Detection
Limiter

In radar systems, phase noise manifests as elevated noise
around strong returns. This masks nearby weak targets and
reduces detection dynamic range. Even with high transmit
power, reference-induced noise can dominate performance.
Phase noise is therefore a fundamental detection limiter.

Sharper Doppler Resolution and Better Clutter
Rejection

Doppler processing depends on phase stability over the
coherent processing interval. Excess phase noise broadens
Doppler bins and reduces velocity resolution. This limits
clutter rejection and target discrimination. A stable, low-noise
reference improves both resolution and processing gain.

Detecting Slow and Low-Signature Targets

Slow-moving or low Radar Cross-Section (RCS) targets
produce returns close to the clutter floor. Phase noise

can obscure these signals, especially near zero Doppler.
Maintaining low, close-in phase noise is critical for preserving
sensitivity to subtle motion. Reference quality directly affects
detection probability.

When Timing Coherence Defines System
Capability

Many advanced radar and sensing systems rely on timing
coherence rather than raw sensitivity. Coherent integration,
multi-static radar and distributed sensing require stable
phase relationships over time and distance. Timing drift
reduces coherence gain and limits system scalability. The
reference becomes a defining architectural constraint.

The Cost of a Noisy Reference in Mission-Critical
Systems

A noisy reference often forces compensating design choices
such as higher transmit power, complex calibration or
reduced performance margins. These tradeoffs increase cost,
complexity and operational risk. In mission-critical systems,
reference quality directly affects reliability and confidence in
system outputs.
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What an Excellent-Quality 10 MHz Reference
Must Deliver

An excellent-quality 10 MHz reference combines ultra-low
phase noise, long-term frequency stability and environmental
robustness. It must perform consistently across temperature,
vibration and aging. Clean harmonics and low spurious
content are equally important. Performance must be
maintained in deployed conditions, not just in the lab.

Meeting the Demands of Satellite and Radar
Applications

Satellite and radar applications demand both short-term
spectral purity and long-term timing accuracy. GNSS-referenced
architectures are often used to align systems to a common time
base, but local oscillator quality remains critical for phase noise
performance. A high-quality OCXO disciplined by GNSS can
satisfy both requirements when properly engineered.

A 10 MHz Reference Engineered for Real-World
RF Systems

The SyncServer® S650 time server is a GNSS-referenced
instrument designed to address these reference challenges
directly. It combines an ultra-low-phase-noise OCXO with the
frequency stability of GNSS disciplining and an upgraded
internal oscillator, such as a rubidium atomic clock, to deliver
an ultra-low phase noise, 10 MHz output alongside accurate
long-term timing signals such as a 1 PPS for ancillary
instrument synchronization. The architecture preserves
short-term 10 MHz spectral purity while maintaining
frequency stability alignment to a global time base.
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SyncServer® S650 — a high-performance timing and frequency server with
optional 10 MHz Low Phase Noise (LPN) modules, delivering stable, coherent
reference outputs for phase-noise-sensitive systems like ground stations and
radars.

Phase-Coherent Timing for Cross-Site Synchronization

In addition to its ultra-low phase noise, 10 MHz output reference, the SyncServer S650 time server provides timing outputs that
are phase-coherent with the 10 MHz sine wave. These signals enable tight timing alignment between systems and sites. This
supports coherent operation across distributed satellite ground stations, radar nodes and sensing networks.
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The patented Softclock controller, integrated with a frequency synthesizer, enhances overall time and frequency accuracy and stability, while powering the precision-
engineered, unperturbed, phase-coherent performance loop for the Ultra Low Phase Noise (ULPN) 10 MHz output. The result is ULPN 10 MHz that is phase coherent

with time & frequency output signals.
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SyncServer S650 10 MHz Low Phase Noise (LPN) references: exceptionally clean close-in phase noise across offset
frequencies—built for coherent RF and precision timing.

Low Phase Noise, 10 MHz Reference—Application-Focused Summary

Feature/Specification Satellite Ground Station Application Radar System Application

Low Phase Noise (LPN)

Ultra-LPN (ULPN)

Phase-Coherent Outputs
(8x)

Channel-to-Channel
Isolation (100 dB @ 10 MHz)

Low Spurious Noise
Output Level: 13 dBm
(x1-1.5 dB)

Tight Output Level
Tolerance (ULPN)

8x BNC Outputs

OCXO/Rubidium Oscillator
Upgrade

Phase Coherence Between
10 MHz and 1 PPS

Improves carrier tracking, lowers EVM
and BER for narrowband and high-order
modulations

Supports long symbol integration times and
high-capacity links
Keeps modems, up/down converters and
timing subsystems phase-aligned
Prevents noise or reflections from one
subsystem contaminating others

Avoids discrete interference tones inside
narrow IF bandwidths

Ensures stable PLL locking and consistent
reference drive levels

Preserves absolute phase noise performance
across all connected equipment

Simple, robust distribution to multiple rack-
mounted subsystems

Improves holdover stability during GNSS
degradation or loss

Enables precise timing alignment between RF
and time-tagging systems

Bringing It All Together: One Reference, Coherent Everywhere
By delivering a 10 MHz, clean low phase noise reference and phase-coherent timing signals, The SyncServer® S650 time

server enables cleaner frequency synthesis for satellite ground stations, improved detection for radar systems and cross-site
coherence. It addresses the root causes of performance limitations discussed throughout this note and provides the foundation
for reliable, high-performance RF systems.

Improves Doppler resolution, reduces close-in
noise floor, enhances slow-target detection

Enables coherent processing and long
coherent integration intervals

Maintains phase alignment across multi-
channel receivers and beamforming arrays

Prevents cross-talk between radar channels
that would corrupt phase coherence

Prevents false targets and spurious responses
in receiver processing

Maintains optimal synthesizer and mixer
performance across channels

Minimizes reference-induced phase noise
variation between radar channels

Reliable field-serviceable connections for
reference fan-out

Maintains phase stability during GNSS-denied
or contested environments

Provides accurate pulse timing and PRI
alignment
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