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High Stability Double Oven NCO
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Applications demanding accurate time are requiring stringent error limits from time to time. Packet based time
and frequency transport is becoming ubiquitous as well as the need for highly accurate and stable references.
GNSS based timing sources combined with embedded atomic clocks are used to meet high performance
requirements over temperature variations and over time. Cost and reliability remain the main limiting factor for
common adoption of such solutions.

New generation OCXO oscillators can now address such thermal performance, and recent research on quartz

crystal behavior has opened up significant benefits regarding ageing predictability, which relates to stabil
time.

0CXO Fundamentals:

Oven controlled oscillators are based on a simple principle to reach high stability. As crystal stability mainly depends on
temperature at the first order, the oven makes it operate at either the turn-over point or the inflexion point.

The lower the temperature of the crystal, the higher the stability
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One can see OCXOs as a sub system ensuring a very tightly controlled temperature (oven). However beside the first order
approach, surrounding functions are contributing to frequency instabilties.

‘Those instabilities are limiting time keeping ability.

Limiting factors:
Beside the First order contributions (temperature and time) other factors are limiting stability. For instance,
ripple on the power supply voltage are translating to phase noise spectrum whereas low variation may

modulate power regulation.
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Electrical Frequency Control is a
major contributor on frequency
output as it does impact output
frequency directly. Even though
the absolute tuning slope
remains low (in the ppm/V/
range) this becomes more
significant when global

frequency stability is tight. suter stage
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Last, load impedance does act o
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The need for a highly thermal insulated structure
Double oven OCXOs are providing much better capal
thermal insulation.

s regarding accurate regulation, enhancing equivalent
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Beyond P felt by crystal, one can see benefits regarding transient
response with steep thermal gradient. Overshoot are simply suppressed.

Another weakness of high stability OCXOs made with a simple oven is the warm-up time, usually limited by structure
inertia. Adding a heater close to the crystal makes warm-up time significantly shorter, resulting in more efficient
frequency stabilization.

Warm-up @ -40°C
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Atypical warm-up time of less than 4 min

30 to reach 20ppb accuracy can be achieved
seos owing to close to crysta irst oven heater.
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The need for di

Even though outstanding thermal performance, down to 0.001°C, can be achieved through double oven structure, only the
thermal and thermo mechanical sensitivity are enhanced.

ital compensation:

H of the frequency be further reduced.
Digital functions have been embedded in new g NCOs, 50 as o pos effects.
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v Temperature and tilt effect

DO -NCO over temperature and digital control input
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This phenomenon, due to
temperature/voltage biasing  se.11
effect, is called tilt
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This unwanted effect results in the frequency stability and absolute frequency voltage control inputs. Absolute voltage control
driving the OCXO input results in a different temperature response. This rotation effect can be further compensated.

Each voltage control needs a correction over temperature span, so the overall drift can be contained in some restricted range.
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Block diagram approach:

Double Oven OCXO

{10 MHz OUT
14 —

Temp. sensor

FCbus interface
—/—4 control

NCOs are digt . It makes them
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to drive.
Besides cost aspects (external expensive DAC are no longer needed) this can be considered as a remote system with embedded
compensation not sensitive to any external change.

For instance, at cold temperature, high power consumption leads to high current consumption translating to low voltage offset on
the power line.
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icant at frst glance, this tiny offset may lead to several tens of parts per trillions, exceeding the total stability
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Additional instabi

OCXOs are sensitive to output load variation as output buffer isolation is finite, then as the load is
changing. Even in a limited range, this does affect frequency stabilty.

ities factor:

NCOs are made of high isolation output buffers reducing their load sensitivity.
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Sensitivity to load variation
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Overall new generation NCO performances:
Outstanding now NCOs, a1

package size.

NCOS can meet 10ppT per 10°C range, worst case less than 100ppT total over -40°C to +85°C

Double Oven NCO after temperature/tilt compensation

temperature range
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Apull-in range of +-400ppb with 20bits input control resolution, maintains Allan deviation integrity (typically in the 102
range over 10-1000s integration time)

NCO-ADEV performance
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Constant improvements in crystal processes have lead to significant benefits regarding ageing performance  as well as ageing,
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