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Executive Summary I—

As modern commercial aircraft increasingly rely on high-bandwidth, always-on connectivity,
the timing subsystem has become mission-critical. Traditional Oven-Controlled Crystal
Oscillators (OCXOs) deliver excellent frequency stability for these demanding environments,
but their power requirements create a longstanding challenge: aircraft are routinely pow-
ered down overnight, causing OCXOs to cool and requiring lengthy warm-up cycles at each
restart. This induces thermal stress, reduces long-term reliability, and delays system avail-
ability.

A new ultra-low-power OCXO architecture fundamentally changes this equation. By
enabling the oscillator to remain powered continuously—while consuming only a fraction
of conventional OCXO power—it preserves thermal equilibrium, improves long-term stabili-
ty, accelerates system availability, and reduces maintenance cost.

This white paper examines the technical challenges in aircraft onboard Wi-Fi infrastructure,
explains how ultra-low-power OCXO technology addresses them, and outlines the value

this brings to aerospace connectivity system designers.

1. Background: Timing Requirements for
Aircraft Connectivity

Commercial airplanes depend on stable and precise reference clocks to maintain reliable
operation across cockpit systems, avionics, and increasingly, passenger connectivity. Inflight
Wi-Fi systems, in particular, rely on:

B High spectral efficiency for satellite and air-to-ground communication links

B Low-jitter reference clocks for RF and baseband signal chains

B High stability over temperature to ensure performance across extreme environmental
conditions

OCXOs are the preferred timing solutions thanks to their best-in-class stability (e.g., £10
ppb and below) and robustness under altitude and temperature variations.

However, conventional OCXOs require high steady-state power—commonly 1-3 W—to
maintain the oven at a stable temperature. This is not ideal in aircraft environments where:
B Power cycles occur frequently (overnight shutdowns)

B Thermal shocks reduce the long-term health of oscillators

B Long warm-up times delay service availability
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2. Challenges: Power Cycling and I
Thermal Stress

Aircraft onboard connectivity infrastructure is typically powered down at the end of each

flight day. For conventional OCXOs, this introduces several problems:

2.1 Warm-Up Time Delays

Upon power-up, a standard OCXO needs several minutes to reach its operating temperature
and regain specified stability. During this period:

B RF links may not meet frequency accuracy requirements

B Network equipment may operate in degraded mode

B Service readiness is delayed, impacting airline SLAs

2.2 Thermal Stress and Reliability Concerns

Frequent heating and cooling cycles accelerate mechanical stress within the crystal and
oven structure. Over months and years, this leads to:

B Increased aging rate

B Drift beyond calibration limits

B Higher failure probability

B More frequent replacement cycles

2.3 Energy and Cost Inefficiency

Keeping a traditional OCXO powered continuously is impractical due to power draw. Yet
cycling it introduces reliability risks—creating a design dilemma for connectivity equipment

manufacturers.
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3. Introducing: Ultra-Low-Power OCXO  mssss

A next-generation ultra-low-power OCXO resolves this dilemma by drastically reducing
oven power consumption. Key innovations include:

B Advanced thermal isolation minimizing heat leakage

B High-efficiency oven control loops optimizing temperature regulation

B Reduced-mass resonator design for faster settling

B mart power-management architecture enabling always-on micro-power standby mode
Together, these technologies allow the OCXO to stay powered continuously—even during

aircraft overnight shutdowns—while consuming only tens of milliwatts.

4. Benefits in Aircraft Connectivity Applications

4.1 Always-On Stability for Inmediate Service Availability

With ultra-low-power standby operation:

B The OCXO stays thermally stable 24/7

B No warm-up delay occurs at system restart

B Connectivity service becomes available immediately.

This is a major advantage for airlines aiming to meet demanding uptime requirements and

improve passenger experience.

4.2 Extended Lifetime Through Thermal Stress Reduction

Maintaining a constant oven temperature virtually eliminates the thermal cycling that accel-
erates aging. Benefits include:

B Longer MTBF (Mean Time Between Failures)

B Improved long-term frequency stability

B Reduced calibration drift

B Fewer field replacements and lower maintenance cost
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4. Benefits in Aircraft Connectivity I
Applications

4.3 Power Efficiency Without Compromise

Traditional OCXOs cannot remain powered continuously due to high watt-level consump-
tion. The new low-power OCXQO'’s micro-power standby resolves this trade-off by delivering:
B Continuous stability

B Dramatically lower energy usage

B Improved thermal design flexibility for system architects

4.4 Simplified System-Level Design

Ultra-low-power OCXO technology enables more robust architecture choices:
B Reduced need for backup oscillators

B Smaller power-conditioning subsystem

B Lower battery reserve requirements during maintenance windows

B Enhanced redundancy planning

5. Comparison: Traditional OCXO vs.
Ultra-Low-Power OCXO

Feature Traditional OCXO Ultra-Low-Power OCXO
Steady-state power 1-3W Tens of milliwatts

Ability to stay always-on Not practical Practical and recommended
Warm-up time Minutes Near-zero

Thermal stress High Minimal

Long-term stability Drifts over years Significantly improved
Maintenance cost Higher Reduced
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6. Use Case: Aircraft Onboard ]
Wi-Fi Infrastructure

Modern inflight Wi-Fi systems involve satellite modems, RF transceivers, and signal-pro-
cessing modules requiring a clean and highly stable reference clock. Service interruptions or
degraded performance after power cycles directly affect passengers and airline brand repu-
tation.

Deploying an ultra-low-power OCXO allows:

B Instant readiness at each aircraft power-up

B Stable frequency reference for RF LO chains

B Long-term reliable operation under aviation regulatory requirements

B Lower operational cost through improved component lifetime

This positions the ultra-low-power OCXO as a compelling upgrade for next-generation con-

nectivity hardware.

7. Conclusion

The shift toward uninterrupted, always-available aircraft connectivity places new demands
on timing technology. While traditional OCXOs deliver excellent stability, their power con-
sumption and sensitivity to thermal cycling create challenges in commercial aviation envi-
ronments.

A new class of ultra-low-power OCXOs offers a breakthrough: continuous-operation stabili-
ty at a fraction of the energy cost. For aircraft Wi-Fi system designers, this translates into
immediate service availability, long-term reliability, and reduced total cost of ownership.
As airborne connectivity becomes a competitive differentiator for airlines, adopting an

ultra-low-power OCXO is not only a technical improvement—it is a strategic advantage.

For more information about integration guidelines, performance specifications, and evalua-

tion support, please contact our technical team.
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